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ABSTRACT " 

V This military-developed text consists of 
self-instructional materials deal'ing with the basic tools and 
equipment used in metalworking shops. Covered in the individual 
lessons ^re the iollowing topics: materials and processes; shop 
mathematics; blueprint reading and sketching; handtools, measuring 
instruments, and basic metalworking machines; vertical cutting" 
bandsaws; shapers; milling machines; and lathes. Each lesson contains 
objectives,, coded text, and exercises. Designed for immediate- • 
feedback, the exercise answers provide for rerouting to extra reading 
in case of ihcorrect answers 'and for reinforcement in the 'case of a 
correct answer. (MN) 
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MTLITARy^ CURRICULUM (^AIERIALS 

The military-developed curriculum materials in this course 
padcage were selected by the National Center for Research irf 
Vocatiaial Education Military Curriculum Project for disson- 
ination to the six regicaial Curriculimi Coordiiiation Centers and 
other instructional materials agencies. The purpose of 
disseminating tixese courses was to make curriculimi materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

^ The course matejdLals were aoqiiired, evaluated by project > 
staff and practitioneirs in the field, and prepared for 
dissemination. Materials which were specific to the rilitary 
were deleted, copyri^ted materials were either emitted or agpxo 
val for their use was^ o^otained. These course packages contain 
curriculum resource materials ^vMch can be adapted to sufport 
vocational instruction and curriculum develc^xnent. 



The National Center 
Mission Statement 



The National Center for Research fn 
Vocational Education's mission is to increase 
^the ability of diverse agencies, institutions, - 
and organizations to solve educational prob- 
lems relating to individual career planning, 
•preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 

» Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

• installing educational programs and 
products 



Operating information systems and 
services 



• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT • 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 
The National Center for Research in Vocational 
♦ Education 

The Ohio State University 
1960 Kenny Road, Columbus, Ohio 43210 
Telephone: 614/486 3655or Toll Free 800/ • 
ERIC 848-4815 within 4he continental U.S. * 4 
yn^ta' (except Ohio) 
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lilUary 

Curriculum Materials 
^isseminiation 1$ . . . 



Ian activity to increase -the accessibility of 
Imilitary developed curriculum materials to 
jvocational and technical educators. 

[This project, funded by the U.S. Office of 
jEducation, includes the identification and 
jacquisitior> of curriculum materisls in print 

form from the Coast Guard, Air Force, 

Anny, Marine Corps and Navy. 
I ^ 

j Access to military curriculum materials is 
[provided through a "Joint^Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matier specialists, and courses 
deemed applicable to vocational and tech-, 
nical education are selected for dissemination. 

The National Center for Reisearch in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
cJcquire the materials and conduct the project 
activities. 

Project Staff: 

' Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Cha$e, Ph.D. 

Project Director \ 
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What Materials 
Are Available? 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. • ^ ' . 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks apd' technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areasi 



Agriculture 
Aviation 
BuHdjng & 
' Construction 

Trades 
Clerical* 

Occupations 
Communications 
Driifling 
Electronics 
Engine Mechanics 



Food Service 
Health/' 
Heating & Air 

Conditioning 
Machine Shop 
Management 8e 

Supervision 
Meteorology & 

fJavigation 
Photography 
Public Service 



The number of courses and tlie subject areas 
/presented will expand as additional mate- • 
A'ials with application to vocational and 

technical education are identified and selected 

for dissemination. 



How Can These 
Materials Be Obtained? 



.1 .Lli, 



.J 

J 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an Instructional materials agency ' 
closer to, you. * 
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Course Description 

This course was designed to give the student background information on the basic tools ^nd equipment uied .n a metal working shop. It is not intended 
to cover atl t^e machines used or tram the student to become a machinist. Hov>«ver, it does provide the job knowledge required ji a metalwvorking shop 
This course is divided into eight lessons covering the following topics: 

Lesson 1 - Matenafs and Processes identifies the types, uses, properties, and capabilities of metals, explains the different processes used 
to produce metals, discusses the various tests used to fdentify the types and hardness of metais, and explains the purpose and 
outlines the procedufes for the heat treatment of metals. 

Lesson 2 . - Shop Mathematics Review explains how to work, use, solve, explain and compute elementary mathematical problems used in 
shopwork applications such as equations and formulas, ratio and proportion, area and volume, square root, and linear and 
metric measurements. Angles, right triangles, and tbe Pythagorean Theorem are also covered. 

Lesson 3 - Blueprint Reading and Sketching discusses how to read blueprints used m the metalwor king shop and explains how sketches 
are used for conveying ideas to other people and technicians. 

Lesson 4 - Handtools,^Me9Suring Instruments, and Basic Metalworkmg Machines identifies and describes the uses and care of handtools 
and measuring instruments common to machine shop practice, and describes basic metal working machines such as hand and 
bench grinders, portable electric drills, drill presses, and portable hacksawing machines. 

Lesson 5 - Vertical Cutting Bandsaw e?«plains the history, development, types, use, nomenclature and operation of the bandsaw , 
Attachment types, use, selection, care and cleaning are also discussed. 

Lesson 6 - Shaper discusses the history, types, use, nomenclature, capabilities, and operation of shapers, shaper accessory attachments 
•including cutting tools, cutting tool holders, and the swivel vise, rotary table, and indexing fixture, shaper functions such as 
setting cutting speeds and strokes, horizontal planing, angular planing, internal slotting, and planing irregular surfaces. 

Lesson 7 - MiWng Machine discusses the history, types, use, nomenclature, and operation of milling machines, types, use, selection, 
mountings, care, and maintenance of accessory components, and the various functions of the milling machine. 

Lesson 8 - • Lathe discusses the origin, history, purpose, types, use, nomenclature, and operation of the lathe; types, use, mounting 
and care of lathe accessory attachments; and the various functions that can be performed on the lathe. 



Each lesson contains objectives, coded text, and exercises. The e;tercise answers are designed for immediate feedback rerouting to extra reading m case o 
incorrect'answer and reinforcement m the case of a correct answer. The course is designed for student self-study and evaluation A course examination is 
provided but no answers are available. This course can be- used as*an introductory unit in machine shop courses. 
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C 0 R S P 0 N D E N CE COURSE 
■ ' of the- 

US ARMY ORDNANCE 
CENTER AND SCHOOL 

ORDNANCE SUBCOURSE WmEER 424, MACHINE SHOP PRACf ICE 

(19 Credit Hours) 

INTRODUCTION ' 




* 



The age we live inJias been called the mechanica} age. This is unJierstandable 
when we realize that nearly everything we use in our present-day hvina is. more or 
less ^machine made. The age. therefore; being mechanical, needs men with mecha 
meal knowledge -knowledge of metals and how to shape 'them to man's needs. Con- 
sidering the mechanical age. then, a few trades are obviously largely responsible 
for the current standard of living. Within this small group of trades are those which 
will consider in this- subcourse. Categorically, we can speak of these trades collec- 
tively as metalworking. Wividually. we would have reference to machine shop • 
practice. > * ^ 

Most machine tools have their origin in the Industrial Revolution in England and 
America from the mid-18th century to the mid-19th century. The invention of the, 
steam engine by James Watt in 1774 was impractical until John Wilkinson, in 1775. 
developed a boring mill with which cylinders for the st^am engine could be produced 
with sufficient accuracy. From th^t time onwar^Aiost machine tools were rnvent 
-to satisfy a particvilar need. - - " 




Each machine tool can be traced to a basic named tool that has. in many cases 
been in use for thousands of ^ears. The early lathe was basically an adaptation of 'the 
ancient potter's wheel and the knife. The ancient Egyptian bow drill/and later the 
brace anS bit evolved .into the drilling machine. In a similar manner, the milling 
machine replaced the file, the planer and shaper replaced the chisel ind the scraoer. 
and the sawing machines supplanted the handsaw. , * ' 

What, then, is a metaiworkiijg shop? The aogwer is simple, but important-; it - 
IS a place whei^? metal parts ar6 made to the size and shape required>nd put together 
to form mechanical units or machines,^ - ' . " 

This subcourse will enable you to learn the basic tools and equipment used in a 
metalworking shop. Ifis not intended to cover all the machines used or to make you 
a machinist, but it will give you a job knowledge of a ihetalworking shop. 

£%^s-' eight lessons and an examination, organized as 

Lesson 1 I^terials afhd Processes . ) 

Scope — Properties, types, and processing of metals. 



Lesson Z* Shop Mathematics Revie^ 

.'Scope-r- Review of equations, formulas, ratio anc proportion, square root, 
] , linea?r measuremernts, arfea an,d..,i:d4tlme, and other basi^ matHem'a^tic 

procedures. \ ' ' ' ' ^ 



^Lesson 3 Blueprint Reading and Sketqhing 

** Scope — To familiarize you with the techniques used in blueprint ^reading and 
sketching used in a metalworiking shop. ' - 

Lesson 4 Handtool?, Measuring Instruments, and Basic Metalworking Machines 
Scope Fahniliarizatiofi, types, uses'-itnd care of handtools, measuring 

V instrun^nts, and basic metalWorking machines. * - 

A ' ■ " ■ 

Lesson 5 Vertical Cutting Bar^Mltw . . \ ' • t 

' Sdope Nomenclature, types, ^^operatioi^, and handsaw blades anH acces-^ 
sorie^ uspd m vertical ban^aw ooerations. 

.Lesdon 6 Shaper ) - ' , , ' • • . . 

Scope — Nomenclature, 'of)eration, and "capabilities of the shaper. 

• . : - " ■ ' i 

Lesson 7 Milling Klachine . • 1 " ' . 

Scope — Nomenclature, operation, and capabilities of the milling machine. 

Lesson S Lathe ' ^ ' 

Scop?— Nomenclature, operation, a>nd capabilities of the lathe. < 

Examination , 
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C 0 R R E S P *0 N D E N C "E .COURSE 

of the 

US ARMY 0 R D N A N C^E 
CENTER AND SCHOOL 




LESSOX ASSIGN.\!£NT SHEET ^ ' ^ 

Ordnar\ce Sabcourse No 424 « Machine Shop Practice 

^ Lesson I Materials and Processes 

Credit Hours . . Three 

Lesion Objective / After studyini: ti\is lesson vou will*lie able tO; 

1. Discuss and identify metals as to types, 
, uses, prooerties. and capabilities. 

2. r-xplain the different :3roc£sses used to 
^ • ' * produce metals. 

> ; / .... . • 

3. Discuss the varioua tests used to ideVitify 
CL^ ^ ' . * f metals as to typos and hardne.^s. 

. -i. Explain the purpose and outline the- 

procedures for.heat troatnnent of metals. 

ZSii- ' ' y • • Attached MerKorandum 

Materials Required None • 

Suggestions , Visit a steel mill, ifpossi^le. and observe 

the operation of a blast furnace, open -hearth, 
Bessemer converter, and rolling and drawing 
mills. ^ 

STUDY GUIDE AND ATTACHED MEMORANDUM 

: ' ^ECTION I. IN'T^ODUCTION 

I. The uie of wood an^ stone as a basic material "in the rhanufactu.-ing of products is 
much olaer than the use of metal. .Metal has, hcnvever, surpassed bot i of these materials. 
The reason for this increase m the use of metal lies, in its characteristic properties. The 
most imoortan^ of these properties are strength (the abilitv to suoport wei^:ht without bend- 
mi or breakiaL') and toughness (tne abilitv to bend rather than br^ak when a sudden blow is 
aophed). Resistance to atm^Tsphenc destruction, jjlasticity, and the abi.litv to be formed 
into almost anv shape adds to the combination of properties that are obtained in no other 
class of materials. Some typos of metals ha% e two ^dditfonal properties; namely, the 
ability to c6nduct electric current^and the ability to be magnetized. 

OS 424, I -Pi 
Octo;jer 1^7^ 



2, MotftU can bo ca«t into many varlod And intricAtc* ;)hapf)5 rttngi-nji m also from a 
^{qw ouncca to many tono. The charftctori«tic of ^Ui>ticlt> , or the ability to doform without 
rupture, makoa them aafe to ujio m nil typoa of itructurc^ and aHow* their furmatiun intu 
required *hapoA throt^Kh forgini <ind other operations. Metal. aUo haa the jPliihty tv >c ^%clded 
and, at »uch. is the only cnginiorin^ material that id truly repairable. 

SECTION II. PROPERTIES^OF MKTAI^ • 

h DEHNITION OF A .\tETAU , . 

r 

a. Before K"ln^ into the diacuanlon oi tht? properties nietaU, wc rmmt :ir»t 
define th^erm "metal,' The ba»lc themUul demerit.'* arc divi'Jcd into tnct^il;* and lionml^aU 
however, tht^ro la no sharp dividing line between the two >?roup-»\ A Ui^'lal may be delmcd a^ 
ft chemical element tl^At poHncanen metallic hulor and whu h, in ^lectrulyaia, car rien ,^ poait-. ve 
charge and la liberated at liui cathode. Mo-^t no^nmetallu^ clciiu nt* tiw not |io5i?jv'at :netallu 
luatcr. and m electrulysta the nonmotalH carrv tjc>:ativ e, ^ harjti' ♦ md are U^'^'^^t*'^^ -^t the 
.mode. Ol all the natural hen^ cal elenu-nt.M. .il^\.ut iO art* n.< t- In anW, of thr^e. ai-jvU J J 
arc uaed comme^rcutUy . 

b. An alloy ii a inetalllc aabi«taric»' . but iM:4,nut -iincU' chemical -dement, \n 
alloy la formed by the vinion or mixture o( twy or nmre mctaU aii»,. /li »omc caaea.'it n\av 
conaidl of one or more mctala and a nonmi^tal. E.\amplet ol ^li >^ h are iron .uul c\rr)on 
lormmg ateel and copper tlnt^ zinc iormin^ brasn, 

c' The dlitingviUhmg chajacterlallc-i or qualitioa that are jiod to describe a 
aubatance'are known the phyaical properties. Tho**? »pOclal phy.sic4l piopertiea which 
doacribc the behavior of a metal when aubjettt-d tu part;cvil>ir t^i^na oi mechamcal uaa^c 
are balled mechanical propertleiat When atudyinjj the propertibM o,f metala ^ad alloya that 
are related to thla Icsaon. the mechanical proporti'ea *i;e ol chief ^ onc^rn and will therelore 
receive greater covtfra^^e. Additional physical properties include eUntrlcal v^budvic ii Mt \ , 
heat conductivity", cryatal jitructure,. and mai^neiic propertlea. 

' d. Tlie particular characterlatica which are of intert-st to the Uv^je induatrfca and 
^thfi US Anny are coj*t, »tren«th, touj^hnea-H, re^ijiiance to corruMjon, mac hinablhty , ap^cUic 
gravity, reaiaiance to tati^vu , realalance to croc o, and itrenv;l! < a.iibined witli resiatance 
to o?<)daclon at hmli tempernturea , 

•I. STRENGTH. • . ' 

a. The atrengtli of a material in the property of roaiatance to external loada or 
streaaea while not cauainji structural damaj;e. Ultimate atren^th la tl*^' unit itro^ai 
meaaurcd in poundu per aquare Inch, developed in the material ?>y the maximum alowlj: 
applied load that the inaterlAl can rcslat without rupturlnR in a tenatle le^t. 

b, Tenalle atronKth ia tlie ability ot a metal to reaiat l^emu pulled apart b^ 
oppoalng7orce3 acting in a atral^ht lino (fl« I). It la esprcaa*>d aa the number puntvin of 
force required to pull apart a bar '>f material I inch wide and 1 ihnV. The tenul'^ 
teat la the one moatofton uaed to meaaure the atron«tha of varu ua metala, 



-•at 



/ 



FiKurV I. 



c. Shear fitronuth la tho ability of n motal to ro«i*t boinu fr/icturod by oppoamu 
forces not actlnu »f> « strftlKht lino (fiK 2). 




Fiuitro 2. 



d. . Comproa.ivo stronRtK is the ability o/a motnUo withat^Rtl proasuro actinu on' 
o.givon piano ffl^ 3). . - • ■ . . 




Figure 3. 

J''" '"■""S^'^ and alloys doponda upon two factors; the strength of tho 

/ cryata » of which Eho motAls are constructed and tho tenacity of adherence between these 

L^n^ \ substance known is tunKSton-molybdenum; titanium and nickel 

follow In order of strength of commercially pure metals. Pure iron .s much weaker, but 
when allayed with carbpn to make steel it may therf become stronger than any of the pur« 
motaU except tungaton. ' ■ " x "'o P"r^ 
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5.* , elasticity! Any material th.it is subjected to an external load u dmtorted or 
strained. ElanticaUy ntrcsscd materials return tu Ihcir original dlmt-nsionif when the load 
IS released, pravidln]? thai the load is not too «rc^t. This.disttortion or ac.formation is u. 
proportion to the amount of the load up to a certain poin.t. U the load too great, ihf 
mattjrlrtl is permanently deiormod, and when the load is further incroa:»cd the material wil 
break. The property of regaining the original dimensions uoon removal of the cxternAl loa 
IS known as elasticity (u^ 





Figure l. 



o. STRESS AND STRAIN. 

a. A^^trtirSis the foriio within a body which resists do form at icm due to an 
externally applied load. If this load acts upon a surface of .unit area* it is c<iUed a unit 
force and the stress resisting it is a unit stress. Speakinji quantitatively then, streas Is i 
the for>€^ per yiut.area. In the^nitcd St.ilws atross is fxpres^cd m pounds per square in< h, 
while m England lon^ tons per square inch ts commbni> .isrd, anc! un the Europ^♦^n c^ntiiirMt 
it is kilograms per square millimeter. . . 

-b. When an exter nal force acts uppn an elastic material, the material is dcform<ru 
and tfie do^formation'is ii\ proportion to the load. This di'stortion or deformation is strain. 



The unit strain is measi4red-4.n the^United States in«inched prr f'vot 
to be a ratio ot' dist.-^tices or lengths.. 



ind u th*;reby c^^nsidered 



7. MODULU? OF ELASTICITY. The modulus oi lUasticiiy- expresses the atiilncss ot 
a material.. For steel *and most motala, this is a constant property and is effected very 
Uttle by heat treatment, hot or cold working, />r the actu.tl ultimate itren^ith of the metal. » 

S. DUCTILITY^ Ductility is the capacity of a m"ctal to l^c pVrnrinentl> doform«:u ;n 
tension without breaking, ^pecllically, the term denotes thu capacity tu be irawn irom a 
larger to a smaller diameter ol wire. This type of operation involves owtl. f loiiit.itlo^n and 
reduction of area (fi^ S). . 



0. TOUGHNESS. Toughnfjss has been defined by some mctrtllur^ists as "the property 
of absorbing considerable energy before fracture'* and, therefore, uwulvos both dactfiit^y 
and strength. It Is a measure of the total energy absorlnng capacity of tiic material, InLludlni^j 
the onot^gy of both elastic and p^lastic deformation under A gyad i.'^lly applied load. Conerallv 
apeaking, touy;hnuss||nfipliei both strength andj^usticlty . Thu^, .i '-i taaily dotorinod 
s-ubstance of low strength would not bo LonsidQ-e^^CSjigl* , ti<iV ^A.Mild .i iti itt riiit 'jf hiuh 
strength, but svlth litth^ plasticity, such an harcToneci toot dt<u4. The triif tou^l. met^il i** 
one.that will rapidly distribute within itself both the ^trons and if.niltm; -itrain cau'.ed by 
a rapidly applied load. 

OS 424, 



Figure 5. 

le. RESILIENCE. Work must be CNpondcd in deforming a motal both elaslically and 
plaaticaliy. Work expended in the elastic dcfo^-maliun is stored up as jjotcnlial energy. 
When the load on an elastic substance is removed and it returns to Its original dimen^nons. 
the stored clergy can do work. This elastic energy is the resilience of the material? 
Examples of this type of action are illuBtraled by the energy recoverable from a clock 
spring or from a fishing rod when casting. ' 

• 

1 1 . MALLEABILITY. Malleability is the property of a mclal which permits permanent 
deformation by compression without rupture. Specifically, it means the capacity to bo rolled 
or hammered into thin sheets. The property o( malleability is similar 'tu but not the same 
as that of ductility, and different metals do r.ot possess the two properties in the same 
degree. Lead and tin are relatively high in order o( malleability; however, they 'lack the 
necessary tensile Strength to be drawn into fine wire. Most metals have increased malle- 
ability and ductility at higher temperatures. For example, iroi^ and nickel are very malle- 
able at a bright-red heat (fig 6). 




Figure 0, ' ' y 

12, Littleness. The term "brttUeneas" implies sudden failure. It is the property 
of breal<lng wlthouK warning; that is., without visible permanent deformation. It ts the 
reverse of toughness In the sense that a brittle piece of metal has little resistance to rupture 
after it reaches Its elastic limit. Brlttleness can be said to be "the opposite of ductility in* 
the sense that it involvea^rupture with very little deformation. In many cases, hard metals 
»re brittle; however, the terms should not he confused or used synonymously. 
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13. FATIGUE, When metal iis subjected to frequent repetitions of a stress, it will 
ultimately rupture and fail, even though the stress may not be sufficient to produce perma- 

* nent deformation if continuously applied for a relatively brief time. Such a repetition of 
stress may occur, for example, in tJie shank of a rock drill. Alternation of stress will 
produce failure more rapidly than repetition of stress. Alternations of stress mean the 
alternate tension and compression in any fiber. This is exemplified in stresses on the outer 
fibers of a rotating shaft which has been drawn out of alinement by a pulley belt. The 
definition of fatigue can be summarized by saying that it is the failure of metals and alloys 
that have had repeated or alternating stre*sses which were too small to producti a permanent 
deformation when applied statically. 

14. CORROSION FATIGUE. 

a. Failure by corrosion fatigue is a fatigue failure in which corrosion has lowered 
the endur'ance limit by the formation of pits that act as centers tor the development oi latigue 
cracks, iVloreo\vr, when any protective film that has been plac^icl on the metal is broken bv 
the fatigue stresses, corrosion spreads through the cracks in the film and product- s piti 
which act as stress raisers. 

b. li a metal member exposed to fatigue is also exposed to corrosive agencies, 
such as a damp atmosphere or oil that has not been freed from acid, the stress necessary 
to ca"sO failure is lowered. It is interesting to note that the unil btress'of an extremely 
strpn^ heat-treated alloy steel that is subject to corrosion fatigue will be no greater than 

that of a relatively weak structural steel. The importance of protecting the surfaces of fatigue 
mepibers against corrosion by galvanizing, plating, etc, if and v^hen possible, is o'jvio\is. 

15. HARDNESS. ^ 

a4 The quality of hardness is a complex one which detailed study has shown to be 
a combinrtion of a number of^physical properties. It is most often defined in terms of the 
method used for its measurement and usualJLy means the resistance of a substance to^inrlen^a- 
tion. Hardness may also be defined in terms of resi^tarvce tc& scratching and, -thus, is 
related to wear resistance. The word "hardness" is sometimes used to refer to the stiffness 
Or temper of wrought products because the indentation hardness of a metal is closely related 
to its tensile strength. .The cutting characteristic of a metal when used as a tool is some- 
times called iis»i^&rclgrf2ps , but reflections will show that these \arious indications oi hardness 
are not the same, ^ 

• b. In engineering practice, the resistance of a metal to penetration by a hard 

indenting^tool is generally accepted as defining the hardness property. 

SECTION III, HARDNESS TESTERS 

16. BRINELL HARDNESS TEST. One-of the more tommon methods of measuring the 
• w hardness of a metal is to determine its resistance to the penetration of a nondefor mable 

ball or cone. This is done by determining the depth to which such a ball or cone will sink 
into a metal under a given load. The Brinell hardness test is made by forcing a hardened 
steel ball into the test material by the weight of a known load. The ball is usually 10 
millimeters in diameter and has an applied load of 500 kilograms for soft materials such 
as copper and brass, and 3,000 kilograms for materials such a^ iron and steel, Onc^e the 
load has been applied, the' diameter of the resulting im^pression is measured ^#ith a small 
microscope. The hardness is reported as the load divided by the area of the impression. 
These figures are then coxmposed with a Hardness Conversion Table and the resulting 
hardness of annealed copper is about 40, of annealed tool steel about 200, and of hardened 
tool steel about 650. • • m 
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17. VICKERS HARDNESS TEST. 

a. Tho^Vlckora hardness testing method is very similar to the Brinell method.X 
The penefrator used in the Vickers machine ia a diamond pyramid rather than the round J 
steel bail of the BrineU. The impression made by this penetrator is a dark square on a / 
Ugh background. This type of impresaion is^ easier to measure than the circular impression. 
Another advantage Uos^in the fact that the diamond point does not deform as is possible with 
the steel bail. . * - 

b. When performing the Vickers test, a predetermined load is applied to the 
specimenT After rcmovin^tho load, the impression is misasured-and the 'ratio of the 
impressed load to the area of the resulting impression gives the hardness numk/er. The ^ 
actual operation of.applymg and removing the load is controlled automatically. It has been 

^ found that several foadCngs will give practicaUy identical numbers on uniform material. 
The Vickers 'testl*r is very precise^and Very adaptable for testing the softest and hardest 
materials under -varying ^oads . The primary disadvantage with this testing device i^ its ' ^ 
high cost and its limited capacit>^for testing. ^ 

IS. ROCKWELL HARDNESS TEjSTER. 

a, (This type of test m<cji^res the resistance to pxjnotration similarly to the 
Brinell trst; however, the depth of Impression is measured instead of the diameter and the 
hardness is indicated dlrectiy on the scale'nttached to the^machinc. The scale is baaUally 
a depth gage that has been graduated in special uriits.. When testing soft materials, a 
1/lb-inch steel ball with a lOO-kilogram load is vided and the hardness is read on the correct 
scale. When t<ftting h^rd materials, a diamond cdne is u3>d with a 150 -kilogram load. 

The hardness is again read directly from the p^bper scale. The advantages of the Rockv^ell 
tester are that the tost can'be'made quickly , that only a smaU mark is left on.thc sample, 
and that very hard materials can be tested with the diamond cone. 

b. The Rockwell superficial hardness tester employs a ll^ht load, which causes 
very little penet'ration of the diamond cone. The superficial hardness tester does not differ 
In principle from the standard^machine. The hard|ess number is based on bKe additional 
depth to which a test point penetrates the -material Mfcr an additional load has been appliedf 
The initial l6ad is 3 kilograjr^s while the additional or major loads vury between 15. 30. 

or 45 kilogram's. The amount of the major load is depcnde^t^upon the thickness of the hard 
surface.^ This machine is very useful in testing exceptionally high surface hardnojis. such 
as case-hardened or nitridcd surfaces. * ^ 

19. SHORE SCLEROSCOPE. . Witl/thia procdaa, the hardness la rneaaurod by the 
hoight of rebbund of a ^lamond-polntod hammer after It has bTeen dropped on the sample. 
The'hardor the material u8|ed, the greater the r'ebound. The height of the rebound Is 
recorded on a gage. The scieroscopo can be used for large sections, it ia portable, and 

* the indentations made' by the teat arc very slight. The amount of rebound la ncjore a factor 
of the elaatlc li'mU of the specimen than of its tensile atrength. Duo to the machine hfitng 

-* portable. It cao be tr^aniportod to .the work and testa can be performed o'n apecimeni^hat ^ 
are too, largo to be conveniently taken to other types of machines. 

20. MONOTRON. The basic difference between this machine and otl(er testing machines 
■<» {a that the depth of impression la kept conatant and the roadlnga of pressure arc the basis for 

the degree of hardness. There are two dlala at the top of the machine which allow the 
operator to read the depth of Impreaslon and the preaaure applied. Increased preasure la 
applied until the penetrator slnka to the standard depth of 9/5,000 Inch. One advantage of this 
system being based dn a constant depth of Impreasion is that the same amount ol cold work 
U performed regardless of whether the material tented Is extremely hard or comparatively 
«<lft. Due to this advantage, a wider range of materials can be tested without working any 
change in the penetrator or the methods of the teat. 

OS 424, 1 .P7 

RLC . 



1$ 



' SECTION IV. IDENTIFICATION OF METALS 

21. INTRODUCTION. Tho ability to idontify dUforent types of motala ia a necdisity . 
for anyone working in a construction or repair ahop» The Individual must be able to properly 
Identify the types of metals so that he can apply the proper work procedures. There are 
simple tests that can be porfoi-med In the shop to Identify metals. Since the ability to judge . 
can be developed only through personal experience, the student should practice these tests 
with knov^n metal until he becomes familiar with the reactions of each metal to each of 
test. • ^. 

22. SPAl^K TEST. 

^, When the exact type oi material la*unknown, a spark test may be-used to 
determine Its identity. This Is revealed by a study of the sparks formed when the material 
is held against a. hlgh-speed grinding wheel. This type of test is useful when a fast, 
nondestructive method of identification is needed. t> 

^ b. When Any form of irpn or steel Is held against a grir^dWg wheel, small partlcUs 

' are released from the metal and thrown Into the air. These particles a^e heated to a red or 
yellow heat. After contact with the oxygen in the air, the particles oxidize or burn. If an 
element such as carbon Is present, rapid burning occurs, resulting in-the bursting of the 
particle. The various forms of iron and steel produce sparks that vary in length, shape, 
and color. ^ 

c. The grinding wheel should be rotated to give a peripheral speed of 4,000 feet 
per mlnu^e^ The wheel should also be hax^ enough to wear for a reasonable length of time 
and yet be soft enough to retain a free-cutting edge. AU tests should bo performed in well 
diffused daylight against an ordinary background. The use of standarTd^ samples of materials, 
whose compositions a,re known, fcxr purposes of comparing their s^parks with the teat sample 
is recommended. 

23. FRACTURE TEST. A fracture test is made simply by notching a specimen and 
then breaking It. Although there are no concrete values of the properties of a metal 
obtained from this test, many metala can be quickly identified by examining the surface 

of thei break or by studying the chips produced wlth'^a hammer and chisel. The fracture ^ 
test is probably the oldest of the methods used in the Inspection and testing of metals. 

✓ 

24. APPEARANCE TEST. 

a. * Thla tost,' tho name Implies, It basod on tho general appearance oi the 
metal, which Includes -such general features. as the color and overaU appearance o£ 
machined and unmachlnod surfaces. It is obvious that this la not an e.xtremely accurate , 

- method; however, tho e-xperlonvd metalworker can make a reasonable good determination 
Based on experience aijd thq above mentioned characteristics. 

b. Another tvpa"o£ appearance tost is based upon tha action of the metal when 
sUbJectod~to heat. When this heat Is applie'^V the various metals may be identified by ^ 
studying the rate of molting, appearance of the molten metal and slag, and the changes 
In color during the heating process. 

1% SAE STEELS. 

^ a. One of the most widely known and generally used numbering sysjoms for steel 
spocificallons and compositions Is the one established by the Society of Automotive Engineers 
(SAE). Tho specliicatlons wero originally intended for use In the automotive industry; how- 
over, tiiblr use has spread Into all Industries where ■•tools and alloy steels are bivhig u8,ed. 
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b, . A numoral index aystom is ua'od to idontiry the compositions of tho SAE stoola. 
By using this procoduro. it U possible to uso numorals of, shop drnyinsB and blueprint. th*t 
partially d«>yrlbo the composition of the material roforrod to. 

c. To provide a bettor understanding of the SAE system, assume that a shop 
iTno,' T m'"' "^'^^ <iM?it.l.ndicates the type to which the steel 

- 5r«n!;-r. ? '1 ^" ""^ Bimpl.^alloy steels, the second ' 

d>git gene.a ly.indicates the appru,Nimate percentage of the predominant alloying element 
(3 percent nickel).- Usually, the last two or throe digits indicat«-the average carbon content 
m p6mt,. or hundredths of 1 portent (0.40 hundredths .bf 1 percent carbon). From this 
explanation It, can be seen that a 2340 designation indicates'a flicko'l steet of approximartoly 3 
percent ttickel and 0. -JO'hundrijdtha of percent carbon. pproximartoiy i 

d. V The basic num.cr.ils for the various types of SAE stocl are as follows: 



Type of Steel 

Garbon ^teei ^ * 

Pldm carbon 

Frcii cutting; {:icro\v stuck) 

Nickol ^tv^*is \ 
i. 50'K nlcklel 
5 . 00% nlckbl 

Nickfl-thromivim stcrU 

1.^5% nickcsl, O.oO*^) chromium 
1. 75% mckeU. i.OOTo chromium 
3. 30% nickel, I, 50% chromium 
Corrosion" and heat-rt-sisting 

Molybdenum steels 

Carbon - molybflcnum 
Chromium - molybdenum 
Chro'mium r nickel - molybdenum 
Nickel - molybdtjnUm 

Chromium steels 
Low chromium 
Medium chromium 
Corrosion- and ht:at*'rejisti&n;^ 

Chromium - vanandiu/m jJtefels 

l'"» chroxnium 
Silicon - mnnjjanesc stoc'ls 
2% silicon 



Numerals and Di|^it3 

I XXX 
lOXX 

. i ixx 

I'JXX 
2XXX 
2iXX * • 
2 5 XX 
. 3 XXX 
31XX 

3axx 

33XX 
- 30XX . 
•I XXX, 
40XX 
41 XX 
. 4 3XX 

46:^x k laxx 

5XXX 
51XX " 
/ 5 a XXX 

5 I XXX . 
oXXX 

6 4 XX 
9 XXX 
IZXX ' 
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SECTION V. PROaUCING IKON AND STEEL 



2* . INTRODUCTION Th« ifrm,s iron/ ' cast iron." and ' j^u-iM' nMVr to a metahn which 
tht basic .'lemont (iron (FC)) is the imjor oli^m»*nt. Thc'se art^ howevt^r, very loose terms 
and re:«r to a ^^wneral t>npo of aitoy. Whe« spdakmi. of the commercial iorms oi iroj^ such 
terms as "pig iron," "jiray caj^t iron," or "wrouMhf iron" should be used. Each of these 
terms represent sonnc commer<:ial form of tht* element. iron, and each farm may uccur m 
many variations ot chemical composition which may infiusjnwe the particular tunctions within 
each class, It would, therefore, -be helpful to have some basic understanding as to what 
these general terms /nean and how the basic materials are produced. 
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27. IRON AND STEEL. 



a* Wr&ught iron * Thin in tho oldest ^c^m of Iron made by man. Originally, It 
was produced by tho reduction of nrictal ore to wrought Iron In a fotge fire. Tho reduction 
procena rotultod in a very impure product which rfjqulred further refining. Tho refining 
contliited of hammering o.r uhaping to the form in which it wad Xo be used. WroughtNroh 
la a metal that contalni^ high purity Iron and Iron «lllcate. It la Very low in carbon, with 
tho iron illlcitto or alag being dliitrlbutcd throughout the batie metal in flbcrj*. Thear flbera 
glvo tho material a woody or «t9lngy appearance when brokea. 
> 

^» Cast lron > Ca»t iron i« ba'SlcAlly an alloy whose chief elenienta arc Iron, 
ulllcon, and carbon. The mArcrial.in available with a wide range of propoiale*. There 
have been tpcciflcationd o^tabllnhed which provide for clnsac* of *.Ast iron ranging fiom 
E0| 000 to 80,000 poun'drt per square inch minimum ten«lle utrength. Each particular cla»it 
l)a8 its own characterl:)tlcd and, within each ciadn, controU and n^odlfication may be 
de/irablo to a?!apt it to the particular design and \.ondltlon of service conterrtplated. Pig 
iron, gray cast Iron, white caat iron, chilled caut iron, and malleable cast Iron, are all 
referred to as cast Iron. This Is due priiiianly to the fact that these forma of iron arr^ nui 
plastic enough, even whOn hot. to bo forgrable. They a.rr, therelore, always produced 
commercially by a process of melting and castii^g Into ah.ipo. The vommerdnl form ut 
each %f these metals is a cast shape. 

c. Steel . 

(1) This material, often considered as the master metal, is available in 
« largo quantltl6s in both wrought and cast form. Du^ to its plasticity. 

•tool may be worked at room temperature or at elevated hjmperatures . 
It Is possible by va^rying the carbon content and b^ proper heat treatments 
to alter the propojctles from a very soft, workable stool of the typo used 
in pressed metal parts i|^lre, and similar materials to a hard strong. 
steol'Umitable for uio in tool, machinery, and armor where great sti'ength 
y and hardness axe* necessary. ^ 

(2) ^ Stool Ib basically an alloy of Iron and carbon. The carbon content in the 

more common types of steel ranges from approximately 0.06 to 1.40 
percent. Tho most important single factor governing tJ\e properties and 
uses of steel is tho percentage of carbon. Steel was originally made by 
tho process of adding carbon to wrought iron when It was in the dolid state. 
Today however, the carbon is added to the steel when it' is In the molten 
state. 

28. BLAST FURNACE. ^ 

a. The blast furnace la used to extract Iron from ore (fig 7). The irjn, as 
obtained firom the furnace, may be romoltod and cast into nr»any different shapes and 
sizes. It may also be refined ^Into steel or wrought Iron. Our present day blast furnaces 
are built to produce very large quantities of iron eacJi day and, due to the nature of the 
processi they nriust be kept in continvious operation. 

b. Ore. is reduced to metal in tho blast furnacn hy meann of coke ch.nrged with 
tho ore, Tho Impurities arc fluxed or slagged by means o( limohtonc. Tiie ore, cokf, iml- 
llmostono are conveyed from the ground to the top of the furnace by meao« of skip cai^ 
nrjounted on rails. Tho, materlalsi are carefully weighed In order that they may be added In 
the proper proportions. These proportions are dependent upon thr p.u'tlcular furnace ami 
tho grade of ore used. Tho charge is dropped Into the furnace by. lowering the top bell .*r.d 
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COKE, ORE, AND LIMESTONE 
ADDED AT INTERVALS 



DOUBLE BELl APPARATUS FOR 
ADMiniNG NEW MATERIAL 



GAS OFFTAKE 




COKE, 0R6,AND LIMESTONE 
IN ALTERNATE UyERS, 

SETTL£ AS IRON IS 
FORMED AT BOnOM 



BUSTLE PIPE 
AROUND FURNACE 



COMPRESSED AIR 



SLAG TAP HOLE 
FIRE BRICK 



IRON TAP HOLE TO STEEL AND 
CASTING PROCESSES OR TO PIGS 



Figure 7. Blast furnace. 
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letting It fall down to the lower bell. The top l;^ell is then closed and the lower bell opened 
allowing the charge to fall into the furnace. The use of these two bells prevents gases and . 
flame from being blown into the air from the top of the furnace whenever it is charged. 

c. Hot air is blown into the furnace through th^ tuyeres or nozzles near the 
bottom of" the furnace'.' Exhaust gas is tak.en*from near the top of the furnace and then 
through a dust catcher and \vasher. This gas contains nitrogen, carJbon dioxide, .and f 
carbon monoxide. Since the carbon monoxide is combustible, it is burned to help furnish 

the necessary power ^nd heat. About a third of this gas is used in heating the stoves which 
heats the air as it is blown into the furnace. These stoves consist of a steel shell containing 
several small brick flues. The burning gas heats the bricks. Once the bricks are suffi- 
cently hot, the gas is turned off and the air from the furnace is blown through. 

d. As the iron and slag are forVned, they drop to the hearth section at the bottom 
of th^ fur"nace. The Iron i$ heavier than the slag, therefore it settles to the bottom while the 
slag floats on the top. There are two holes near the bottom of th^ furn,ace. The lower hole, ^ 
or iron notch from which the iron is tapped, is closed by shooting clay balls into it from an 
airgun. The lower hole, or cinder notch from which the slag is tapped,' closes by means of 

a metal plug. The iron is tapped every 4 or 5 hours by digging out the clay plug, it is usual^ 
for the slag to be'tapped two or three tirrres between each iron tapping. Many of the impurities 
found in the ore are collectfed and removed with the molten limestone in the form of slag. 

e. The iron runs from the furnace into troughs which convey it to a ladle. The 
troughs are equipped with a skimmer which diverts the slag to a dump car. The iron in 

the ladle is then cast into pigs or is taken, while still in the molten state, to the steel-making 
furnaces. The slag is somctiiiies used in t^e manufacture of cement;- however , in most cases, 
it is simply dumped. « 



29. OPEN-HEARTH PROCESS. 



siVfe-TSietho 



a^. The basic open-hearth process is the leasrexpensivVfiiethod of eliminating^or 
partly eli"minating , the different common impurities in pig iron. It is pustomary for a part ^ 
of the chargfe to consist of steel scrap because this is not only lower in impurities than pig 
iron, but it can usually be bought at a lower price, and the "return scrap'' from the finishing 
mills is utilized in amounts usually equal to the ^'bought scrap. " Scrap makes the process 
shorter and less expensive. In no'rtnal times it averages about 50 percent by weight of the 
charge, but this depends greatly on the availability of both scrap and pig iron. Scrap cast * 
iron cart be used in place of a part of the pig iron. Whenever possible, the pig iron is 
brought to the open-bearth furnace in a molten condition. The furnace is lined with magnesite 
and repaired with dolomite. They are fired with preheated gas, burnbd with preheated air, 
or else with oil or tar. Their generc^l form^and operation is shown in figure 

b. The four regenerative chambers below the furnace (fig 8) are filled with a 
checkerw'ork of brick around which the gas and air may pass. Before the fOrnace is started, 
these bricks are heated by means of wood fires. -The gas enters the furnace through the 
inner regenerative chamber on one side, and the air enters through the outer one on the same 
side. They meet and unite, passing through the furnace and then passing to the chimney 
through the two regenerative chambers at the opposite end. In this way, the brick\york in 
the outgoing c-hambers is heated still hotter by the waste heat of the furnace. The current 
of gas, air, and products ox combustion is changed every 15 minutes, whereby all four 
regenerators are always^kept V.ot. The gas and air enter the furnace in a highly preheated 
condition, giving a higher teuiperaturer of combustion, while the products of combustion go 
to the chimney carrying reUtively little heat, anid thus fuel economy is secured. - /if oil or tar 
is used. It is introduced through a water-cooled burner which enters the furnace through the 
end wall. 
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Figures. Diagram of regenerative open-hearth furnace.' - 

- £. The total time used for the treatment of a charge depend^ on the pufit>r of the 
materials charged and the exact nnode of operation. The pi'ocess is (Tver/ sloW one as 
pompared with the Bessemer, but the slowness permit^ careful control. Toward-the end 
^of the heat, samples are taken and analyzed and the results are/eporied to the operator 
so that he may adjust ihe bath to the proper com'position before casting. The carbon is * 
very quickly and accurately determined atithe^4ufnace by means of a magnetic analyzer 
known as a "carbometer . " * ^ * 



S-O^ BESSEMER PROCESS. 



a. The Bes^^mer process as operated in Annerica is an acid process. This is 
, the reason that it is- no le^nger the predominant purification process. Pig iron, low in 
T phosphorus, is becoming more costly on account of the exhaustion <yf our low-phosphorus 

iroh ores. The Bessemer furnace is a pear-shaped converter lined with silica brick (fig 9). 
It IS not adajjted to meltirtg^iron, but molten pig iron is brought to it and poured in to the 
amount of about 25 tons pex ch^rgt^. Then the converter 13 turned into an upright position 
and a bla'st.of cold air is blown through it. " In about 7 m\nutes the oxygen of the air has 
^ oxidized all the silicon and manganese in the iro\This produces a great deal of heat, 
which increases the temperature of bath. The carbon then begins to burn to CO, which 
escapes at the mouth of the converter and th^e burns to CO2. with a l6ng and brilliant 
flame. In a few minutes., the carbon is also oxidized and removed and all the impurities are 
now eliminated exc^jft^hosphorous and sulfur. C"ommercial oxygen has been used to enrich 
the blast blown into the Bessemer converter, with a resulting higher temperature and shorter 
time. The higher temperatures reached permit scrap ^o.be used. 

b. The rapid.and simple Bessemer purification process was the^^iW^ii^^' give iaxge 
quantities of cheap steel to the world; it inaugurated the Age of Steel in civM^f^o'^iAxts 
disadvantages were that it left the metal with ^11 ;ts..Original phosphorusVnd^S^iu'^ and also 
with oxygen in it. Further, it is^ higher in nitrogen than are' steels from the other processes. 
The chief^use pf Bessemer steel is for free-machining screwstock, for which it is unexcelled. 
Sometimj^^^^^r is intentionally added to basic open-h^arth steel to make it free-machining, 
and recent- atteJnpts have been made to add nitrogen as well. Bessemer steel is used for 
small str uctur^^' shapes, .^mall railroad rails, and some wire, pXpe, and/uses where highest i 
quality is not demanded. The process is also used as an adjunct to the basic open hearth in 
the so-called "duplex process." 
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^Figure 9.. Sec^pji thr'ough'Beasemer converter while blowing. 



31. DUPLEX PROCESS. Liquid pig iron from the blast furnace and liquid purified 
•metal fr^m th^ Bessemer converter are poured into a basic open-hearth furnace. This 
eliminates the time and cost of melting in the open hearth, aAd requires only that the bath 
be purified of phosphorus' and some sulfur and then brought to the requisite temperature 
for tapping. " ' 

32. ELECTRIC PROCESS. 

a. Steel is often produced with the aid of electrical energy", which has no other ^ 
function than to provide the hecessary heat (fig 10). The two'ehief technical advantages are- 

^ (1) The possibility of attaining any temperature in reason. 

(2) The {jossibility of working in a nonoxidizing atmosphere. 

' b. ^ Heat from electrical energy is costly, but the very high temperature obtainable 
makes it possible to perform certain operations which can be performed only in an unsatis- 
factory mani^er in combustion furnaces ^ such as the open hearth. The outstanding example 
of this is the possibility of 'desulfurizing meta l through ^he ase^of a slag so rich in lim e that ' 
It would not be fOsible in other types of furnace. A .slag containing calcium carbide is one 
of the best desulfun^ers and deoxidizers for 'steel that has been developed: Calcium carbide 
IS formed at the temperature reached in the eiectfriq^arc furnace when lime and carbon are 
in contact. It can exist only in high-lime slags in a nonoxidizing atmosphere.' " 

£. The induction principlyis al>^ used for the heating' of electric melting furnaces. 
A thorough stirring of the charge aifd the protection of the charge from the atmosphere are ^ 
two outstanding characteristics of this type of furnace. The melting of alloy steel scrap 
with highly oxidizable components;- such as tungsten, is 'satisfactorily accomplished. 
Vacuum melting is sometimes practiced in furnaces of lesB.than 2 tons' capacity. ^ 
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Figure iO, Electric arc furnace, 

33. ELECTRIC SUPERREFINING. The cheapest electric process is the superrefining 
of basic open-hearth steel in an arc furnace. In this process the impurities are reduced 

to the lowest possible point in the basic open-hearth furnace,, and the melted metal is then 
poured into the electric furnace in which it is superrefinexi; i.e, , it is purified to any^ ^ 
desired point in sulfur content and to almost any desired point in oxygen and soli^nclusions , 
No oxidizing slag is used, but tAe metal is maintained in a fluid condition at a faiiO^ high 
temperature under a slag rich in lime and reducing in character by'virtue .of its content of 
carbon, which is charged in the form of crushed coke. It is of importance that the metal 
should lie quietly in the furnace under deoxidizing conditions for a considerable length of' 
time, ijj3r.der that the suspended particles, which are often almost microscopic in size, ^ 
can^se by gravity and clarify the bath. The stream of m^tal must be protected as much 
as possible from surface oxidati'on during the pouring from the furnace into the ladle and 
from the ladle into the mold in which it solidifies; and, finally, the metal should be pro- 
tected from subsequent entrainment of particles such as would occur if the slag were churned 
up with the metal, or if elements like silicon, manganese, etc, werfe added to the metal in 
the ladle.' In the latter case, particles of oxidized silicon, manganese, etc, are likely to 
be produced and then become entrapped in the solid metal, 

34. CRUCIBLE PROCESS, ■ • 

a. High-grade tool steels and some alloy steels are still made by the crucible 
process, although the electric furnace is now capable of making steel equal in quality to 
crucible steel. In the crucible proces-s, wrought iron and/or good sCrap,' together with 
a small amount of high purity pig iron, ferromanganese, the necessary alloying metals, 
and slugging materials are placed in a clay or clay-graphite cruciUhe and melted in a gas 
or coke-fired furnace. After the charge is entirely molten and sufficient time is allowed 
for the gases and impurities to rise to the surface, the cru<;ibly5 is withdrawn. A" cold iron ' 
bar is then' used to remove the slag. The remaining steel is poured into an ingot which is 
subsequently forged td the desired shape. 

b. The crucible process dj[ffers from other sfeelmaking in. that there is little or no 
refining included in the entire operation. From this, it can be, seen that the purity of the 
finished metal is almost entii"ely dependent upon the puritj^i^i«:,the_jnaterials charged. The 
primary advantage of the process is that it removes most of the impurities, including oxygen 
and entangled particles/' . *' 

* . OS 4^4, 1-P15 



2 



SECTION VI. FERROUS METALS 
♦ 

35. CAST IRON (GRAY. WHITE, AND MALLEABLE). 

• a. History Cast iron, developed in the latter part of the l8th centurv is a m^n 
made alloy of iron and carbon (graphite) plus silicon. It is generally produced' n a cuoSr' 
itTd wii r VT^'n'' type oi melting furnace consisting of a steisheS 
l^ed w.th firebrick. Basic ingredients uied in the manufacture of cast iron are coke lime- 
stone, pig lro^, steel, and iron scrap. This charee is r^^u^H .1 f"^"" '^o'^^, lime- 
poured into molds where solidification taJes plac"' TLTe molds 7^^^^ 

. ^^s.n,sh.^,.S::^Z::-^^^^ --^-.tod casings, transmission 

gas and ale wf^^;„e"d!" fracM^L^"^""^^ '""^ °^ ^ 
5Vorked. " -ust^be^eheated pri-or to welding; it cannot be cold 

Properties . . • 

• *' (1) Brinell hardness No - ISO to 220 (unalloyed): 

(2) Brinell hardness No - 300 to 600 (alloyed). 

I 

(3) Tensile strength - 25,000 to 50,000 PSI (unalloyed). 

J4) Tensile strength - 50,000 to 100,000 PSI (alloyed). , ' 

(5) Specific gravity - 7.6. ' ' ' ' 

(6) Modulus of elasticity - 12,000,000 to 29.000,000 PSI. 

(7) High compressive strength - four.times the tensile strength.' 

- (8) High-rigidity. 

■ • . ■ • . / 

^ ' (9) Good wear resistance. 

(10) Fair corrosion resistance. . - 

chemiri-o " " permitted to cool quite slowly, the - 

Larati^uTr^^nv r '^'^^ "^ ^ "^^^^'^ o'/tfe carbon 

scparate^^ut as tiny flakes of graphite scattered,t.hroughout the metal. This graphitic ,carbo 
as U is called to distinguish it from.-combined carbon, causes the gray appearfnce o the 

rac ure which ^haracterizes.ordinary gray cist iroh. Since graphite is an excellent 

why gr^y cast iron is so easy to machia^e and why it cannot withstand a heavy shock. Gray ' 
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cast iron consist^ of from .90 to 94 per.cent metallic iron with varying proportions of carbon, 
manganese,^ phosphorus, sulfur, and silicon. 'Special high-strength grades 'of this metal 
contain O.TS to 1.5 percent nickel and 0,25 to 0,5 percent chromium or 0.25 to 1.25 percent 
molybdenum^ Com-merical gray iron has '2. 5 to 4, 5 percent carbon. Of this quantity, about 
1 percent of the carbon is combined jvith the iron, while about 2. 75 percent remains in the 

.free or, graphitic state, in the production of gray* cast iron, the silicon content is lisuaUy 
increased,- since this facilitates the formation of graphitic carbon. The combined carbon 
(iron carbide), which is a small percentage of the total carbon present in cast iron, is 
known as cementite. In general, the more free carbon (graphitic carbon) present in cast - 

iron the lower the combined carbon content and the softer the iron, ^^v* "'^ * • J 

(1) Appearance. Gray cast iron bastings present a characteristic appearance. 
The unmachined surface is very dull gray in color and may be somewhat 
roiigheneji by the sand mold us ed in lasting the part. Cast iron castings 
are rarely matchjned all over. Unmachined castings may be ground in 
places to remove rough edges. 

(2) Fracture . Nick a corner aU around with a chisel qr hack'saw and strike 
the corner with a shart> blow of the hammer. The dark g-ray color of the 
broken surface is caused by fine black specks of carbon present in the 
form of graphite. Cast iron breaks short when fractured. Small brittle 

T , chips made with a' chisel break off as soon as they are formed. 

Grinding wheel test . A small volume of dull red sparks that follow a 
straight line fprm close to the wheel when this metal is given the 
grinding wheel test. These break up into many fine, repeated spurts that 
change to a straw color. 

(4) Torch test. The torch test results in a puddle of molten metal that is quiet 
and has a jellylike consistency. When the torch flame is raised, the 
depression in the surface of the molten puddle disappears instantly. A 
, heavy, tough film forms on the surface as it melts. The molten puddle 

takes time fo solidify and gives off no sparks. 

White cast iron. When gray cast iron is heated to the molten state, the carbon 
completely dissolves in the iron, probably combining chemicaUy with it. If this molten 
metal is cooled quickly, the two elements remain in the combined state, and white cast iron 
is formed. The carbon in this type of iron nriea^ures generally from 2.5 to 4.5 percent by 
weight and is referred to as combined carbon. White cast iron is very hard and brittle, 
often impossible to machine, and has a silvery white fracture. 

ll- Malleable cast iron . Malleable cast iron is made by heating white cast iron to 
betweena,400O and I,700O F for* about 1^0 hours^'in boxes containing hematite ore or-iron 
scale. This heating causes a portion of th? combined carbon to change into the frfee or 
uncombined state. This free' carbon separates out in a different manner from carbon in 
gray cast iron. It is called temper carbon. It exists in the form of small, somewhat 
rounded particles of carbon, which ^ive malleable iVon castings the ability to bend before 
breaking and to withstand shock loads better than gray cast iron. The castings have more . 
properties like those of pure iron; namely, high strength, ductility, toughness, and ability 
to resist shockl Malleable cast iron can be brazed. 



(1) 



> 



Appearance . The surface of malleable cast iron is very much like cast 
iron but is generally fr6e from sand. It is dull gray and somewhat lighter 
in color than cast iron. 
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(2) Fracture . When malleable cast iron is fractured, the central portion 
of the broken surface is dark gray with a bright, stee.Uike band at the 
edges. The appearance of the fracture may best be described as a 
picture. frame. When of good quality, malleable ♦ast iron is much 
tougher than other cast irons and does not break short when nicked. 

• (3) Grinding wheel test . When malleable cast iron is ground, the outer, bright 
layer gives off bright sparks like steel. When the interior is reached, the 
sparks <iuickly change to a dull red color near the wheel. These sparks 
from the interior section are very much like those of cast iron; however, 
they are somewhat longer and are present in larger volume. 

(4) Torch test . Molten ipnalleable cast iron boils under the torch flame. After 
, the flame has been*withdrawn, the surface will be found full of blowholes. 

% The melted parts are very hard and brittle, having, when fractured, the 
appearance of white cast iron. (*rhey have been changed to white or chilled 
iron by melting and comparatively rapid cooling.) The outside, bright steel- 
like band gives off sparks, but the center does not. 

36. DIFFERENCE BETWEEN CAST IRONS AND STEELS. ' ^ 

a. All the various forms of cast iron, steel, and wrought iron consist of chemical 
compounds and mixtures of iron, carbon, and various other elements in small quantities. 
Whether the metal is classified as cast iron or one of the steels depends entirely upon the 
annount of carbon in it. The following table illustrates this principle: 



Item 



Approximate 
Percent of Carbon , 



Condition of 
Incorporated Carbon 



Pig iron 
White cast iron 
Gxay cast iron 

Malleable cast iron 
Tool steel 
High-carbon steel 
Medium-carbon steel 
Cast steel 
Low-carbon steel 



4.0 
3.5 
2.5 to 4.5 

2.0 to 3.5 
0.,9 to 1.7 
0. 5 to 0.9 
0.3 to 0.5 
0. 15 to 0*6 
up to 0 . 3 



Free and combined 

Mostly com,bined'" 

0*6 to 0.9 percent free 

2.6 to 2.9 percent combined 

Free and combined 

All 'combined 

All combined 

All combined 

All combined 

All combined 



b. Cast iron differs from steel principally because its excess of carbon (exceeding 
1.7 percent) is precipitated throughout ,t{ie matrix as flakes of graphite, thereby causing moj, 
of the remaining carbon also to precipitate. These, particles of graphite form. the paths 
through which failures occur anH are the reason why cast iron is brittle. By carefully con- 
trolling the, silicon content and the rate of cooling 6f cast iron, it is possible to cause any 
definite amount of the carbon to precipitate as graphite or to remain combined as Fe^C 
Thus, we have white, gray, and malleable cast iron all produced from similar base metals. 

37, WROUGHT IRON. 

* a. History f For centuries, the smelting of iron ore with a charcoal fire on a hearth 

was used to produce a carbon-free iron or wrought iron. Recently, other methods for pro- 
ducing wrought, iron have been devised. They are mainly indirect methods; that is, ore is ^ 
first reduced to pig iron which is then transformed to wrought iron. Until the production of 
modern steels begaji in 1860, wrought iron was the outstanding structural metal, the carbon ^ 
content being less than 0»08 percent. Wrought i^on'is made from pig iron in a puddling 
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furnace. The carbon and other elements present in pig iron ar^e eliminated to leave almost 
pure Iron.^ In the process of manufacture, some slag is mixe^d with iron. to form a fibrous 
struc^txre-in which long stringers of slag, running lengthwise, are mixed with long threads 
of iron. Because of tJuTpresence of slag, wrought iron resists corrosion and oxidation. It 
can be easil>r welded by aay^method. 

b* Uses . Wrought iron is used for architectural railings, farm implements, nail 
barbed wire, .chains, modern household fur nit ufe, etc. 

. £• (Capabilities . Wrought iron can be gas and arc welded, machined, and hot and 
cold worked. It can also be plated. 

d. Limitations . Wrought iron has low hardness and low fatigue strength, 
je. Properties . • * ' ' ' 

(1) Brinell hardness No - 105. 

(Z) Tensile strength - 35,OOJ3:^SI. 

(3) ' Specific gravity - 7.7. • . 

(4) Melting point - 2,750° F. 

(5) Ductile. 

• i 

(6) Corrosion resistant (limited). ' 
f. Identification . 

(1) Appearance . The appearance of wrought iron is the same as that of rolled, 
low-carbon ste^l. 



(2) 



Fracture . Wrought iron has a fibrous structure due to threads of slag. 
As a result, it can be split in the direction in which the fibers run. The 
metal is soft and easily cut with a chisel. When bent, it is quite ductile. 
When nicked and bent, it acts like rolled steel; however, the break is very 
jagged. • Wrought iron cannot be hardened by quenching from bright red 
heat 



(3) 



Grinding "wheel test . When wrought iron is ground, Strawcolored sparks 
form near the grinding wheel and change to white forked sparklers near 
the end of the stream. * • 



(4) Torch test . Wrought iron melts quietly without sparking. It has a peculiar 
slag coating with white lines that are oily or greasy in appearance. 



38. STEEL*., 



a. History . The early metalworker, having produced wrougKt iron, accidentally 
produced steeU Whenever a small piece of metallic iron was left in a bed of smoldering 
charcoal overnight, the solid iron would absorb enough carbon to increase its hardness and 
strength appreciably, especially after being dipped in water. Modern steel was first pro- 
duced in the United States in 1B60. Today, steels are produced in several different types 
af furnaces - Bessemer, open-hearth, electric-arc, and in^^uction. Raw materials, utilized 
include pig iron, iron ore, limestone, and scrap. A form of iron, steel contains less carbon 
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than cast iron but considerably more than wrought iron. Carbon /pontent is from Q.03 to 
1.7 percent. Basic carbon steels are alloyed with other elements such as chromium and 
nickel to increase certain physical properties of the met^l-, 

b, Uses* Steel is used tp make nails, rivets, gears, structural steel, axles, 
desks, hoods, fenders, chisels, hammers, etc. 

c* Capabilities . Steel can be machined, welded, and forged r all to A^arying 
'degrees depending on the type of steel. 

d. Limitations . Highly alloyed steels are difficult to fabricate. * 
e^. Properties . 

(1) Tensile strength. 

(a) 45, 000 PSI -^low-carbon steel. 

(b) 80,000 PSI - medium-carbon steel. 

(c) 99,000 PSI - high-carbon steel, 

(d) 150,000 PSI^- alloyed steel. 

(2) ModTilus of elasticity - 30,000,000 PSI. 

(3) Melting point - 2,800° F. 

Note. - See Metals Handbook for complete listings . 

f. LK)w>carbpn steels (carbon content up to 30 points) . These steels are soft and 
ductile and can be rolled, punched, sheared, and worked when either hot or 'cold. They are 
easily machined and can be readily welded by all methods. TH'ey do not harden to any 
appreciable amount when quenched from a high temperature. 

(1) Appearance . The appearance of the steel depends upon the method of 
preparation rathei; than upon composition. 

(a) Cast steel has a relatively rough, dark-gray surface, except where 
machined. 

(b) Rolled steel has fine surface lines running in one direction. 

(c) Forged ste61 is usually recognizable by its shape, hammer marks, 
or fins . 

(2) Fracture . When low-carbon steels are fractured, the color is bright 
crystalline. They are tough when chipped or nicked. 

(3) Grinding wheel test . Th^. steel gives off sparks in lorfg yellow-orange 
streaks, brighter than cast iron, that show some tendency to burst into 
white forked sparklers. ^ ^ 

(4) Torch test . The steel gives off sparks when melted and solidifies almost 
instantly. 
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j^. Medium-carban steels (carbon content ranging from 30 to 50 points) . These 
steels may be heat-treated after fabrication and used for general machining and forging of 
parts that requhre surface hardness and strength. They are manofactured in b^r form and 
in the cold-rolled or the normalized and annealed condition. During welding, the weld zone 
will become hardened if cooled rapidly and must be stress -relieved after welding. 

h- High-carbon steels (carjj^n content ranging from 50 to. 90 points) . These 
steels are used for the Txianufacture of drills, taps, dies, springs, and other machine tools 
and handtools that are heat-treat^sd after fabrication to develop the hard structure necessary 
to >Vithstand high. shear stress and wear. They a/e manufactured in bar, sheet, and wire 
fo r^s''and in the annealed or normalized and annealed condition in order to be suitable for 
machining before heat treatments These steels a^e difficult to weld because of the hardening 
"effect of heat at the welded joint.^ 

(1) Appearance . The unfinished surface of high-carbon steel is dark ^ray and 
similar to other steels. These steels are more expensive and work is 
usually- done on them to produce a smoother surface finish. 

(2) Fracture . High-carbon steels usually produce a very fine-grained fracture, 
whiter than low-carbon steels-. Tool steel is harder, and more brittle than 
plate steel or other low-carbon material. High-carbon steel can be 
hardened by heating to a good red and quenching in water^ Low-carbori 

«steel, wrought iron^, and steel castings cannot be hardened. 

(3) Grinding wheel tesf . High-carbon steel gives off a large volume of 
-^brilliant, yellow-orange sparklers. 

(4) Torch test . Molten high-carbon steel is brighter than low-carbon steel 
and the melting surface has a cellular appearance. It sparks more freely 

» than low-carbon (mild) steel and the sparks are whiter. 

i: Tool steels (carbon content ranging from 90 to 170 points) . These steels are 
used, in the manufacture of chisels, shear blades, cutters, large taps, wood-turning tools, 
blacksmith's tools, razors, and other similar parts* where high hardness is required to 
maintain a sharp cutting edge. They are relatively difficult to weld due to the high carbon 
content. 

39. CAST STEEL'. In general, welding is difficult on steel castings ^pontaining over 0.3 
percent carbon and 0.2 percent silicon. Alloy steel castings containing nickel or molyb- 
denum or combinations of^hese metals are readily w^ided if the carbon content is lo^. 
Those containing chromium or vanadium are more difficult to weld satisfactorily. Since 
Aianganese steel is nearly always used in the form of castings, it is also considered in 
this paragraph. Its high resistance to abrasion is its most valuable property. 

Appearance . The surface of cast steel is brighter than cast or malleable * 
iron and sometimes, contains small, bubblelik^ depressions. 

b. Fracture . The color of a fracture in cast steel is bright crystalline. This 
steel is tough and does not break short. Steel castings aire tougher than malleable iron, 
and chips made with a chisel curl up more. Manganese steel, however, is so tough that it 
cannot be cut with a chisel hor can it be machined. , 

I 

£• Grinding wheel test . The sparks created from cast steel are much brighter, 
than those from cast iron. Manganese steel gives*off characferistlc 'sparks that explode, 
throwing off brilliant sparklers at right angles to the original path of the spark. 
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d. Torch test « When melted r cast steel sparks and solidifies quickly. 



• 40,. STEEL FORCINGS. 

a^. Appearance . The surface of steel forgings is smooth. Where the shi^ace of 
drop forgings has npt been finished, there will be evidence of the fin that results frorH the 
metal squeezing out-between the two forging dies. This fin is ordinarily removed by the 
triniming dies, but enough oX the sheared surface remains for identification. All forgings 
are covered with reddish-brown or black scale, unless they have been purposely cleaned. 

b. Fracture . The color of a fracture in a steel forging varies from bright 
crystalline to silky gray. Chips are tough; and when the specimen is nicked,, it is harder 
to break than cast steel aind has a finer grain. Forgings may be of low- or high- carbon steel 
or of alloy steel. Tool ste^l is harder and more brittle than plate steel or other low-carbon 
material. The fracture is usually whiter and finer grained. Tool steel can be hardened by 
heating to a good red and then quenching in waier. Low-carbon steel, wrought iron, and 
steel castings cannot be usefully hardened. 

£. Grinding wheel test. The sparks given off are long, yellow-orange streamers 
and are typicad steel sparks. Sparks from high -carbon steel (machinery and tool steel) are 
much brighter and lighter than those from low-carbon steel. 

d. Torch test . Steel forgings spark when n?elted, and the sparks increase in 
number and brilliance as the carlson content becomes (greater. 

41. ALLOY STEELS. Alloy steels are frequently recognized by their use. There are 
many varieties of alloy steels used in th^e manufacture of Army equipment. Each of thes'e 
is best identified by experience. They have greater strength and durability than other carbon 
steels, . and a given strength is secured with less material weight. Their economical use 
depends upon proper heat treatment that is destroyed by a welding operation in the region of 
the weld. Manganese steel is a special alloy steel that is always used in the cast condition 
smd has been discussed under cast steel. Nickel, chromium, vanadium, tungsten, molyb- 
denum, and silicon are the most common elen^ents used in alloy steels. 

a^. Appearance . Alloy steels appear the same as other drop-forged steels. Much 
alloy steel is machined all over. • 

b^. Fracture . CeneraUy, the alloy steels are very close grained; at times the 
fracture might.be said to have a velvety appearance, 

£» Grinding- wheel tests . The various alloy steels produce cRaracteristic sparks 
both in color and shape. With practice^ many varieties of alloy steels can be recognized. 
Some of the more, common alloys used in steel and their effects on the spark stream are 
as follows: 

(1) Mang^anese . Steels containing this element produce a sparjc. similar to a 
carbon spark, A moderate increase in manganese'incrfeases the volume 
of the spark stream and, the intensity of the bursts. A ^te'el cpntaining 
more 'than the normztl content of manganese will spark in a manner similar 
to a high-carbon "steel with a low manganese content.. For example, SAE 
1055 spark IS similar to that of SAE' 1335. 

{Z)f Nickel , In the amounts found in SAE steels, nickel can be recognized onlv 
when the carbon content is so low that the bursts are not too prominent. The 
nickel spark has a short, sharply defined dash of brilliant light just before 
the fork. 



(3) Chromium . Steels containing 1 to 2 percent chromium have no outstanding 
features in the spark test. Chromium in large amounts shortens the spark 
stream length to one^half that of the same steel without <^hromium, but it 
does not appreciably affect the stream's brightness,^ Other elements 
shorten the stream to the same extent and also make it duller. An 1%- 
percent chromium, 8-percent nickel, stainless steel produces a spark 
similar to that of wrought iron but only one-half as long. A steel con- 

. taining 14 percent chromium and no nickel produces an abbreviated version 

of the low-carbon spark. An 18-percent chromium, 2-percent carbon, 
steel (chromium die steel) produces a spark similar to that of a carbon 
tool steel but one-third as long. 

(4) Molybdenum . Steels containing this element produce a characteristic spark 
with a detached arrowhead similar to that of wrought iron. It can be seen 
even in fairly strong carbon bursts. Molybdenum alloy steels contain either 
nickel or chromium or laoth. 

» 

(5) Vanadium . -^l^^Hpels containing vanadium produce sparks with a 
detached arrowlBH|at the end of the carrier line similar to those arising 
from molybdenum^i%ls . This tedt is not a positive one for vanadium' 
steels. 

(6) Tungsten . This element is simplest to recognize. It imparts a dull red 
color to the spark stream near the" wheel. It also shortens the spark 
stream and decreases the size of, or completely eliminates,, the carbon 
burst. A tungsten steel containing about 10 percent tungsten causes short, 
curved, orange spear points at the end of the carrier lin^s. Still lower 
tungsten content causes small, whitQ bursts to appear at the end of the 
spear point. Carrier lines may be anything from dull red to orange in 
color depending oin^he other elements present and. providing the tungsten 
content is not too high. 

(7) Molybdenum and other elements . AVhen molybderium and other elements 
are substituted for some of the tungsten in high-speed steel, the spark 
stream turns orange. Although other elements give off a red spark,, there 
ifS enough difference in their characteristics to distinguish them from the 

V tungsten spark. * - " 

« 

d^. Torch test . ' The action of an alloy steel in this test depends upon the nature of 
the alloy. Steels containing a considerable quantity of chromium pr'bduce a greenish-colored 
slag On the weld when cold. 

42. SPECIAL STEELS. 

a. Plate steel is used in the manufacture of built-up welded structures such as 
gun Carriages. In using nickel steel plate, it has been found through several years of 
experience that commercial grades^ of low-alloy, structure steels of not over 0.25 percent 
carbpri, and several confining no nickel at all, are mote satisfactory from the welding 
standpoint than those witK a Maximum carbon content of 0. 3 percent. 

, . b . , Such plate is normally used in the **as rolled'* con/iition. Electric arc welding 
with a covered electrode may require preheating followed by a proper stress -relief heat 
treatment to produce a structure in which the welded joint has properties equal to tfiose of 
the plate metal. 
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SECTION VIl; NONFERROUS METALS 

43, ALUMINUM (AL). 

. a. History , Aluminum, the most abundant metal in the earth'^s crust, was 
discovered in 1825, yet its commercial history covers only 60 years. The principal ore 
of aluniinujn, bauxite (AL2O3.3H2O and AL2O3.H2O), is. produced by the weathering of 
aluminum silicate rocks. Principal supplies of bauxite come from the United States 
(Arkansas), France, Dutch Guiana, Hungary, Italy, Russia, and Canada, 

b. Uses. Aluminum is used as a deoxidizer and alloying agent in the manufacture 
of steel. ""Castings, pistons, torque converter pump housings , aircraft structures, kitchen 
utensils, railway cars, and transmission lines are being made of aluminum, 

^ c. Capabilities , Aluminum can be cast-forged, machined, and welded. 

d. Limitations . Direct metal contact of aluminum with copp'er and copper alloys 
should be"^avoided. Aluminum should also be used in low temperature applications. 

£. Properties . 

(1) Pure . 

(a) Brinell hardness No - 17 to 27. 

(b7 Tensile strength - 6,000 to 16,000 PSI. 

(c) Modulus of elasticity - 10,000,000 PSI, 

(d) Specific gravity - 2. 7. " , . 

(e) Melting point - 1,220° F.* 

(2) Alloy 24S > ' ^ 
(a) Brinell hardness No - 100 to 130. 

Tensile strength - 30,000 to 75,000 PSI. 

(3) General . 

* » > 

(a) High electrical. conductivity (60 percent that of copper, volume for 
volume) . 

(b) High strength/weight ratio at room temperatures. 

(c) Fairly corrosioh resistant. 

f, Appearance . Aluminum is light gray to silver in color, very bright when 
polished, dull when oxidized, and light in weight. Rolled and sheet aluminum materials are 
usually pure 'metal. Castings are alloys of aluminum with other metals, usually zinc, 
copper, silicon, and sometimes iron and magnesium. Wrought aluminum alloys may contain 
chromium, silicon, magnesium, or manganese. 

Fracture . A fracture in aluminum castings shows a bright crystalline structure 
A fracture in rolled aluminum sections shows a smopth and bright structure. 
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Jl- Grinding wheel test . No sparks are given off from aluminum in this test. 

i; Torch test . Aluminum does not show red before melting. It holds its shape 
untU alnhost molten, then collapses suddenly. A heavy film of white oxide forms instantly 
on the molten surface. 

44. CHROMIUM (Cr). 

a. History . Chromium was first discovered in 1797. The chief ores of chromium 
are chromite (Cr203. FeO) .and chrome ochre (Cr203). 

h,' ^ses . Chromium is one of the most versatile and widely used alloys. It is 
used as an alloying agent in steel and cast iron (0.25 to 0.35 percent) and in nonferrous 
alloys of nickel, copper, aluminum, and cobalt. It is also used in electroplating for appear- 
ance and wear, in powder metallurgy, and to make X-ray targets, mirrors, and stainless 
steel. • ' . 

£. Capabilities . Chromium can be welded, machined, and forged. 

d. Limitations . Chromium is not resistant to hydrochloric acid, nor can it be 
used in the pure state because of its brittleness and difficulty to work. ^ 

e^. Properties (pure). 

(1) Specific gravity - 7. 19. 

(2) Melting point - 3,300° F. 

(3) Brinell hardness No - 110 to 170. 

(4) Modulus of elasticity - 36,000,000 PSI. 
(5j Acid resistant (except hydrochloric). 
(6) Wear,Jieat, and corrosion resistant. 

45. COBALT (Co). 

a» History . Cobalt was first recognized as an element in 1735. The chief ores of 
cobalt ai'e cobaltite fCoAsS) and smaltite (CoAs2). Most important deposits in the United 
Stat^ are found in Missouri and Pennsylvania. Cobalt is also mined in Africa, Canada, and 
Gern^any., 

^* ^ses . Cobalt is^ma;nly used as an alloying element in permanent and soft' 
magnetic materials, high-speed tool bits and cutters, high-temperature creep-resisting 
alloys, and cemented carbide tool bits and cutters. It is also used in making insoluble 
paint pigments and blue ceramic glazes. 

£. Capabilities . Cobalt can be >yelded, machined (limited), and coW-drawn. 

Limitations . Cobalt must be machined with cemented 'carbide cutters. Welding 
Hi-C cobcdt steel often causes cracking. 
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e . ' Properties . 

(1) Pure , 

(a) Tensile strength - 34,000 PSI. 

(b) Brineil harcineSs No - 125. 

(c) Specific gravity - 8.9. ' ' * 

(d) Modulus of elasticity - 30,000,000 PSI. 

(e) Melting point - 2,7Z0° F. * 

(2) AUoy (Stellite 21) . . ^' , " 
(a) Tensile strength - 101,000 PSI. 

* (b) Modulus of elasticity - 36,000,000 PSI. 

(c) Heat and corrosion resistant. • 
46. COPPER (Cu). 

a. History . Copper was , one of the first known metals and it was used extensive 
^tecause of its attractive colo^*' and ability to be worked. Early' Egyptians and Romans mad 

vases and ornai^ciepts from this metal. Most copper produced today comes from sulfurized 
ores, "Charlocite^' {CU2S. Fe2S3) being the mos't important. Arizona, Utah, and Montana 
*are the largest producing regions. A small quantity of native copper is mined in upper 
Michigan. Chile and Africa are large foreign producers. Copper is a reddish metal, very 
ductile and malleable, and has high electrical and heat conductivity. It is used as a major 
^element ii; hundreds of alloys. Commercially pure copper is not suitable for welding and, 
while it is very soft, it is very difficult "to machine due to its high ductility. * ' 

b. Uses . The principal use of commercially pure copper is in the electrical 
.industry where it is made into wire or other such conductors^ It is also utilized in -the 
manufacture of nonferrous alloys such as brass, bronze, and monel metal. Typical copper 
products*are sheet roofing, cartridge cases, bushings, wire, bearings, and statues. 

£. Capabilities . Copper can be forged, cast,' and cold worked. It can also be 
welded, but it's machinability is bnly fair. • 



d^. Limitation . Electrolytic tough pitch copper cannot be welded satisfactorily, 
e. Properties «. - ' 

• { I) , Pure . 

(a). Nonmagnetic. • ^ * 

^ (b) Brineil hardness No - 60 to IIQ. 
(£) Tensile strength - 32,000 to 60,000 PSI. 
(d), Mo'julus of elasticity - 16,000,0(^0 PSI. 
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(e) Specific gravity - 8.9. ' 

3p 



{f)* Melting point - 1,980^ F. , - 



(£) Corrosion resistant. 

(2) Alloy . ^ . 

* (a) Tensile strength - 50 ; 000 to 90jrOOO PSI. 

(b) Modulus of elasticity - 15,000,000 PSI. -> 

(£) Brinell hardness No - 100 to 185^ ' 

f. Appearance . Copper is red in color when polished; it oxidizes to various 
shades of green. 

£. Fracture. Copper presents a smooth surfac;^. when fractured, free from 
crystalline appearance. 

h. Grinding wheel test . Copper gives off no sparks in this test. 

i. Torch test . Because of copper's good heat-conducting properties, a larger 
flame is required to produce fusion of copper than would be needed for a steel piece of the 
same size. Copper melts suddenly and solidifies instantly. Copper alloy, containing small 
amounts of other metals, melts more easily and solidifies more slowly than pure copper. 

j. Brasses and bronzes . Brass,^n alloy of copper and zinc (60 to 6^ percent 
copper and 32 to 40 percent zmc), has a low melting point and high heat conductivity. There 
are several types of brass such a naval, red, admiralty, y"fellow, and commercial. All vary 
in copper and zinc content^ all may.be alloyed with other elements as lead, 'tin, manganese, 
or iron, and all have good machinability and can be welded. Bronze is an alloy of copper and 
tin and may contain lead, zinc,, nickel, manganese, or phosphorus. It has high strength, is 
corrosion resistant, has good 'machinability , and can be welded. 

(1) Appearance . Tlte color ols^olished brass and bronze varies with the 
composition from red, almost like copper, to yellow brass. ' They oxidize 
to various shades of green and brown or yellow. 

(2) Fracture . The surface of fractured brass or bronze ranges from smooth 
to crystalline, depending upon composition and method of preparation; 
i.e., cast, rolled, or forged. 

(3) Grinding wheel test . Brass and bronze give off-no sparks. 

(4) Torch test . True brasses contain. zinc!:, which gives off white fumes when 
the brass is' melted. Bronzes contain tin. . Even a slight amount of tin 

• ^ ^ makes the alloy flow very freely,^ likewatea*. Due to the small amount of 

* ''^ zinc or tin that is usually present, bronzes may fume slightly but never so 

much as brass. ' - . 

k. Aluminum bronzes. " ' ', 

(1) Appearance . When polished, aluminum' bron2jes appear a darker yellow 
^ ' ' ' than brass. V ^ 
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-(2) Fracture . Aluminum bronzes "present a f^mooth surface when^racWred, 
(3) Grinding whigel test .> .Alunjihum brorizets give off no sparks^ 



, ^ H) Torch'test . Welding, aluminum bronzes is extir^mely difficult. The 

^^^^^a-'ce'is quickly covered with a heavy scum that tends to mix with 
* the metal and is difficult to remove, . . " , - 

47. LEAD(Pb). . ' * \ ^' 

a. History; The history of lead, one of the oldest metals known to man, dates' 
l>ack to .the Old Testament (3,00,0 B. CO- The Pharablis and Babylonians had many uses for 
this metal* Commercial lead is derived almost exclusively from one mineral. T^us material 
IS galena, PbS, the sulfide of lead. Lead ore is mined in many countries, often in associa- 

. tion with zinc ore. The United States (principally Missouri, Utah, Colorado, and Idaho) Is 
the most important source followed by Australia, Canada, and Mexico. . -> 

b. Uses . Lead is used principally;in the ^manufacture of electrical equipment such ' 
as lead-sheathed power and telephone cables and storage, batteries . It. is also used in building 
construction, in. both pipe and sheet. f6rm, and in solder. ' Ziiic alloys are utilized in the 
manufacture of Ifead^veights,. bearings, gaskets, seals, bullets, and shot* Many types of 
chemical^pompounds are produ(?ed from lead; among these are lead carbonate (paint pigment), 
and tetraethyl lead (antiknock gasoline). Lead is al3o\used for X-ray prpte'ction. It can be 
said that lead has more fields of applfcation than any other metal. 

* * - ' 

Capabilities. Lead can be cast, cold woi'ked, welded, and machined* 
d^^ limitations . Lead has low strength wit^ heavy weight, and lead dust and 



fumes* are poisonous. 

' ' . Properties 



(1) Pure. 

(5.) Tensile. strength - 2, 500 to 3,000 PSI. 

• (b) Modylus of elasticity - 2, 600,000 PSI. 
(c) Specific gravity - 11^3, 

(^) Melting point - 620° F. 

(2) AUoy B32-'4^7 . 'Tensije strtfeigth - 5,800 PSI. 

(3) General . 

(a) Low electrical conductivity. 

(b) Self -lubricating. 

. (c) l^alleiableT ' '/^ - 

• (d) CoJrrosio;i. resistant. 
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46^ >1AGNESIUM (Mg). ... - ' 

a« History « Magnesium, ranking third in abundance , was discovered in 1830, yet 
its commercial history covers only 60 years. Its. principal ores are dolomiteT^agnesite , 
and carnallite, but it occxfirs as magnesium chloride in certain natural salt brines'and sea 
water (1 cubic mile of which contains ^ billion pounds of magnesium). , 

b^. Uses^. Magjilesium is used as a deoxidizer for brass, bronze, nickel, and silvei 
Because of its light weight, it is^usedin many weight-saving applications, particularly in the 
aircraift industry. It is also used as a pyrotechnic for railroad signals and for military 
pxixposes. Magnesium castings are used for engine housings, blowers, hose pieces, landing 
wheels, and certain parts of the fuselage. Ma^esium alloy materials are used in sewmg 
machines, typewriters, and textile machines. 

c^. Capabilities * • Magnesium^can Ke f<irged, cast, welded, and machined. 

*. * ' » ' 

d. Limitations . ^Ma^nesium in fine chip form will ignite at low temperatxires (800 
to 1,200°^). 'Thlto^une pan be smothered with.^u>t^ble materials such as CO->, foam, sand, 




«tC5. 

je% Properties 



(1) Pure . 

fa) ^Tensile strength - 12,000 PSI (cast). 

(b) Tensile strength - 37,000 PSI (rolled). 

(c) Brinell hardness No - 30 (cast). ' / ' 
fd) Brinell hardness No - 50 (rolled). 

' * , Sp^ific gravity - 1.7. 

^(f) Modulils of elasticity - 6,500,000 PSI. 
(£).^Melting point - 1,202° F. 

i 

(2) AUoy (Az31x) . . 

* * " i 

' » (a) Brinell hardness No - 72 (hard). ^ 

f (b) Brinell hardness No ^ 50 (forged). • • ^ 

, (£) Tensile strength - 42,000 PSI (hard). 

(d) . Tensile strength - 32,000 PSI (forced). 

f. Appearance . Magnesium resembles aluminum in appearance. Like aluminum, 
it is highly corrosion resistant and has a gopd strength to weight ratio; but it»is lighter in 
weight than aluminum. It has very low kindling point,^owever , and is not very weldable 
except when it is alloyed with manganese and aluminum. Magnesium is distinguished from 
aluminum by the use of a silver nitrate solution. The solution does not affect aluminum, 
but it leaves a black deposit of silver on magnesium.. Magnesium is produced in large 
quantities from sea water. It has excellent machinability, but because of its low kindling 
point, special precautions rhust be used when machining. * . «. ♦ 
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49. MANGANESj: (Mn). ' ' 

^* History . Manganese was first extracted as an element abovit 1$00. The 'chief 
ore manganese is black manganese dioxi<ie (Mn02)* 

- ^ ^ ^ ^ j> 

* ^* il2£2.* ^nganes^ is mainly Used as an alloying agent in the manufactxire of 

steel to increase its tensile strei^gth. It is also added during the steel-making process. to 
remove sulfur as a slag, Austenitic manganese steels are used for Tailroad trackwork, 
power shovel bucJsets, and roek crushers* ^ Medium-carbon manganese steels are utilized 
in the manufacture of car axleaf amd crears. 

c. Capabilitiea r Manganese, can be welded, machined, and cold -worked, 

(d. Limitations . Austenitic manga^^nese. steels are best machined with cemented 
, carbide, cobalt, and high-speed ste<^l cutters, * 



Properties, 



( 1) Pure , 

(a) Tensile' strength - 72,000 PSI (quenched)^ 

(b) Brinell hardness No. - 330, 

(c) Specific gravity - 7 •,43, 

(d) Modulus of elasticity - 23,000,000 PSI,' 
(jb) Melting point - 2,270.^ F. 
(f) Brittle. 

(2) » Alloy, Tensile strength - 110,000 PSI, ' ^ 

(3) - General , 

(a) Highly polishable. 




\ 



(b) Brittle. : - ■ - 

50. MOLYBDENUM (Mo), ' . ' \^ 

* \ ' 
a. History . Molybd enum was first prepared in 1790 in the form of metallic j>o;5<?3er 

Chief ores are molybdenite (KJoS2) and wxilfedite (PbMo04). Chief mines are locate4.in' 

Colorado, and many small deposits are found in the southwest region, MoIyode^^i1^n is also 

found in England and New- South Wiles. . f"" 

b^. Uses . Molybdenum is used mainly as an alloying addition. HeaJTing elements, 
switches, contacts, thermocouples, welding electrodes, and caihode-ray tt^b'es are made 
of molybdenum, » / 

£, Capabilities , Molybdenum can be swaged, roll e^T^and^dr awn or machined, 

d^. Limitations , Molybdenum can only be welded in an atomic hydrogen arc or butt 
welded by resistance heating in vacuum. It is attacked by nitric acid, hot sulfuric acid, and 
hot hydrochloric acid, - ' . 
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Properties (pure)* 

(1) 'Tensile strength 100;000 PSI {sheet). 

(2) Tensilfe ^trengtii - 30,000 PSI (wire). ' 

(3) Brinell hardness No - 16a to 1-85. 

(4) Specific gravity - IrO.Z.^ ^ 

(5) Modulus of elasticity - 50,000,000 PSl ' 
. ^ (6). Melting point - 4,800^ F. " • 

(7) 'iletaifxs hardness and strength at high temperature. 

(8) Corrosion resistant. • 

. 51. .NICK5L (Ni). 
*. » • 

a'; History . Nickel was fir^used by Ancient map. in swords and implements 
fashioned'^from ni ck el -bearing meteor itVs^_^Jt>/as first extracted as an element in 1751 
fyoxn a copper-colored mineral nanied ^'kupfef'^nickel. " Sulfide ores of nickel are found 
chiefly in Canada andJ>Iorway; oxidized ores occur in f*Iew Caledonia; and arsenical ores 
are found in Ontario, Colorado, New Mexico, France, antT irtdia'* Nickel is a gr^iyish- 
white metal, very ductile, and malleable. . 

» fe» Uses . Most of the nicj^^lj) reduced is lised in the production of alloys, both 
ferrous ^d nonferrous. Chemical and food processing equipment, electrical resistance 
heating elements, ornainental trim, anjd parts subjected to elevated temperatures are all 
produced from nickel-containing metals . 'Alloyed with chromium, it is used tg manufacture 
stainless steel. 

c. Capabilities . Nickel alloys are readily welded by either the gas or arc method 
It can be machined, forged/ cast, 'and .easily lovv^hd. ' 

d'. Limitations . Nickel cannot withstand heat abpj/,e^600° F in a sulfidizing 
atmosphere. It oxidizes very slowly in the presence of moisture pr corrosive gases. 

e* Properties. 



(.1) P^r^. 

(a) Tensile strength - 46,000" PSI. 

(b) Brinell hardness No - 220* 
(c^ Specific gravity - 8*9. 

(d) Modulus- of elasticity - 32,000,000 PSI. 

(e) Melting point - 2, 650*^ F. 

(2) Alloy . Brinell hardness No - 140 to 230. 
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(3) Monel "forged * ^ 
' (a) ^ Tensile strength « 100,000 PSI. 
(b) Modulus of elasticity - 26;O00 PSI. 
. ' " (c) High strength. and 'toughness at elevated temperature. 

- • . ' 

£• Monel metal > Monel metad is an alloy of silver-white color-containing approxi- 
mately 67 percent nickel, 29 to 80 percent copper, 1.4T)ercent iron, 1 percent manganese , 
0. 1 percent silicon, and 0. 15 percent carbon. In apjjearance, it resembles untarnished 
nickel. After use, however, and particularly after contact with Qhemical solutions, the 
silver -white color takes on a yellow tinge and some of the luster is lost. It has a very higl^ 
resistance tcf corrosion and is weldable. 

52. TIN{Sn). ' ' 

±* History . Although it has always been a scarce metal, tin was usedjn* atcient 
timfes-even before the Christian era. Today, the work production of this metal^f^mall, 
but tin is of great importance because of its man^r industrial uses. Tiivis derived from 
the oxide* cassiterite, SnO^, a mineral found in nearly all parts of the world. Malaya^. • _ 
Boliva, China, the Belgian Congo, and Nigeria account for 90 percent of the world's tin ' 
output. No commercial tin deposits have been found, thus far, in the United. State s . 

^* "^^^ major application of tin is in the coating of steel. It serves as the 

most efficient container for the preservation of perishable food. Tin, in the J^rm of foil, 
is often used in wrapping fop^ products. A second major application of tin is as an alloying 
element. Tin is alloyed with copper to produce various tin brasses and bronzes, with lead 
to produce solder, and with antimony-'and lead to form babbit. 

£. Capabilities . Tin. can be die cast, cold worked (extrudeci), machined, and 
soldered. ^ . . - - 

d^. Limitations . Tin is not weldable. v. . 

£. Properties . 

• (1) Pure. . 

f' » - » ' 

(a) Tensile strength - 2,|[00 PSI. 

(b) Specific gravity - 7.29. - ' , 
•» . * 

{£) Melting point - 450^ F. 

(d^) Modulus of elasticity - 6,000,000 PSI. 
' (e) Corrosion resistant. 

(2) Babbit alloy . . . ^ • 

(a) 'Tensile strength - 10,00.0 PSI. • . , 

^ Brinell hardness No - 30. * , 
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.. 53,. TITANIUM (T.i). . 

. - a^. History . Titaniiim was first discovered in 1791 as the white,rrfetallic oxide 

* rutile> Ti02^ but a relatively pure form w<te not isolated until 1835. It is fc/und primarily 
in Florida, Virginia, and North Carolina. Today, titanium metal, the (purth most abundant 
structural metal in the eaa^thVor^str-i*. known to be widely distributed throughout the world 

.with the largest ore deposits being mined in Quebec. 

^* Titanium is used as an additive in alloying aluminum, copper, magne- 

sium, steel, nickel, and other metals. It is also used in making powder for pyrotechnics 
and in the manufacture of turbine blades, aircraft firewalls, engine nacelles, frame assem- . 
blies, ammunition tracks, aind m,ortar ba^e plates. 

£. Capabilities . Titanium can be machined at low and fast feeds, formed, spot- 
and^^seam -welded, and fusion-welded with inert gas. 

• • • * " ' ' ^ - 0^ . 

" Limitations . TitanJ-um ii^s low .impact strength, seizing tendencies, and low 
creep strength at elevated tem^rati&^s'..(abov^ -SqjQ? X). It can be cast into simple shapes 
only. , V- - . - 

e^. ^ifopertiesv * ' ' *• , , 
• (1) Pure . ^ 'C, 

(a) Tensile strength - 100,000 PSI. 

(b) Brinell hardness No * 200. J 
(£). Specific gravity - 4. 5. 

(d) Modulus of elasticity - 1*68,000,000 PSI. 

(e) Melting .point - 3,300° F. 

(f) Good corrosion resistance. 

(2) Alloy . . ' I 

(a) Brinell hardness No - 340. 

(b) Tensile strength - 150,000 PSi; 

(c) High strength/weight ratio. y 

(d) Twice that of Al alloy at 400° F. " ' 
54. TUNGSTEN (W). • - * 

a. History . Tungsten was discovered by the d*Elhujar brothers in 1783. (Tungsten 
occurs in natural state as wb,lframite'(f*eW04) and scheslite (CaW04) and is extracted in its 
pure state from these ores by the reduction process. ) It is hard, brittle, and nonmagnetic « 
and forms an oxide when heated in air.. It is found in Colorado, California, aild South Dakota, 
and also in Burma, China, Japan, Portugal, and Bolivia. . 
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b^. U8es> Tungsten is used in. the manufacturi of incandescent lamp filaments and 
phonograph needles and_as an 'alloying agent in production ofjugh-speed steel, armorplate, 
and projectiles* - ^-w^^^ 

£. Capabilities , Tungsten, can. be cold and ho\: drawn. . . - / 

d# Limitations , Tungsten is hard to noachine, requires high temperatur.es for 
meltings and is usually produced by powdered mietallurgy (sintering process), ^ ' ^ - 

. Properties . 

(1) Melting point - 6, 170° F plus or minus 35°. ^ 

(Z) Ductile. 

(3) Tensile-strength - 105,000 PSI. 
• • (4) -'^Specific gravity - 19.32.. 

(5) Modulus of elasticity - 50,000,000 PSI. 

(6) Thermal conductivity - 0. 397. • 

(7) Brinell hardness No - 38. 

. (8) Dull white color. - • . *~ 

55. ZINC (Zn). 

a. History . Though zinc is generally regarded as a modern metal, it was probably 
first extracted by the Chinese in about the 13th century. Through the efforts of Marco Polo, 
the process was brought to Europe. The principal ores of zinc are the sulfide blends, the 
silicates such as willemite, and the oxides such as franklinite and zincite*. Sulfide deposits 
of commercial importance occur in many parts of the world; namely, the United States, 
Belgium, and Poland. States leading in the production of zinc are Mrssouri, Oklahoma, 

and New Jersey. ^ ^ 

b. Uses . 

(1) Galvanizing constitutes the largest use of zinc and is done by dipping the 
part in molten zinc. or by electroplating it* Examples of items manufactured 
in this way are galvanized pipe, tubing, sheet metal, wire, nails, bolts,. , 
etc. Zinc is also used as an alloying element in producing alloys such. as 
brass, bronze, etc, and those alloys that are composed prixnarily af ;5inc 
itself. ' ' 

(2) Typical parts made with zinc alloy are die castings, toys, ornaments, 
building equipment, carburetoji and fuel pump bodies, instrumenf panels, 
wet and'dry batteiries,\fuse plugs, pipe organs, munitions, cookfng utensils, 
and fluxes. Other forms of zinc include zinc oxide and zinc sulfide, widely 
used in paints and rubber, and zinc dust which is used in the manufacture 

of explosives and chemical agents. 

(3) An important byproduct of the zinc industry is sulfuric acid. 
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c* * Capabilities * Zinc can be cast, cold worked (extruded), machined, and wielded. 

d« Limitations . The use o£ zinc die castings in continuous contact with steam is 
not xeconimended* * 

• • ' e« Properties . ^ ' - - ' , 

\ • (1) Pure . ^ ^ . 

(a> Tensile strength • 12,000 PSI (cast). 

(b) Tensile strength - 27^000 PSI (rolled). 

(c) Specific gravity - 7. 1. ' 

(d) Melting point -''790° F. 

(e) Corrosion resistant. 



1^' 
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{£) Brittle at 220° F. 

(2) Alloy ASTM XXIJI. 

. (a) Tensile strength - 41,000 PSI. 

-(b) Brinell hardness No - 82. ♦ 
Zinc die castings . 

(1) Appearance . Die castings are usually alloys of zinc, aluminum, magne- 
sium, lead, and tin. They are light in weight, generally white in color 
(like aluminum), and frisquently of intricate dFsign. A die-cast surface 
is much smoother than that of a casting made in sand and is almost aa 
smooth as a machined surface. Occasionally, die castings darkened by 
use may be confused with madleable iron when judged simply by appearance, 
but^the die casting is lighter in weight and softer. 

{Z) Fracture . The surface of zinc die castings is wjiite and somewhat granular 
. in structure. 

(3) . Grinding wheel test . • Zinc die castings give off no sparks. 

(4) Torch test > Zinc die caAtings can be recognized by -their low melting 
temperature. The metaA boils '.^^hen heated with the dxyacetylene flame. 
A die casting, aiter thorough cl.eaning, can be welded with a carburizing 
flame - tin or aluminum soldeifs' being used as filler nietcil. If necessary, 
the die-cast part can be used as a pattern to make a new brass casting. 



SECTION Vm. HEAT TREATMENT 



56. INTRODUCTION. 



2:* "^^^ main purpose in heat treating metals is to charge and improve physical 
properties of a metal so that, it can be adapted to a specific purpose. The properties of all 
steels may be changed very decidedly by heating and cooling, under definite conditions. The 
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heat treating of metals consists of heating and cooUng the material, while inlts solid state, 
at a predetermined rate. An example of -heat treating is -when steel has been made hard to 
resist wear, penetration, and abrasion. This same s^eel can then be softened to allow for 
cold working or machining. Other effects of proper heat treating would include refining . 
grain structure, removing internal stresses, ahd giving metals such properties as strength 
and toughness . ^ v,^ ' 

b. There are very few alloy? which form perfect molten solutions and then crystal- 
Uze into t!»o or more pure metals upon solidification. Most metals will crystallize and sep- 
arate in such a way that each will contain some of the other melai as a sdlid solution. It has 
been found that solids, during heating and cooling, undergo structural changes which will have 
.considerable- effect upon their physical properties. 

57. CRITICAL TEMPERATURES. 

a. When plain carbon steels are heated to approximately 1,340° F , th§ grain 
structure'of the steel begins to change. This point is caUed the lower critical temperature. 

b. Low-tfarbon steel must be'hekted to approximately 1,650° F before a complete 
grain structure is obtained. This point is called the upper critical temperature. . 

* . ■ " I / 

' ' €• *As the carbon content of the steel increases, the upper critical temperature 
decrease! until the carbon content reaches 0.85 percent; at which point, the lower and upper 
critical temperatures are the same. Between 0.85 and U7 percent carbon content, the 
upper critical temperature rises abruptly. > 

58. QUENCHING MEDIA. J^^ 

a. When a Seated metal is*cooled quickly, the structure is preserved. The rate 
of heating and cooHhg determines the crystalline structure of the steel since most metals 
have a critical temperature at which-the grain structure changes. There are two types of 
quenching baths : ' ^ ^ ' 

(1) StiU^bath— in which^he entire object is quenched. 

(2) Flush bath— where the quench is forced on a desired area. 

b. Common quenching media employed are as follows: 

(1) Brine (usually a mixture of 10-,percent salt and water), which removes 
heat very raj5idly, is generally used in quenching plain carbon steels. 

* , . » ' 

(2) Water, which removes heat rapidly sometimes ciusing cracking , is used 
only to quench heavy sections of carton steels. 

(3) Oil, which removes Mat slowly thereby reducing cracking, is used to 
* quench low-alloy steels anld thin sections of carbon steel. 

• * 

(4) Air, which removes heat very slowly thereby practically eliminating 
crabking or warping, is used primarily for high-alloy steels. 
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59. HAJIDENING STEEUS. 



a^. Heat treatment considerably transforms the grair^tructure of steel, and it is ^ 
while passing through the critical temperature range that steel acquires a hardening poweir. 
due in part to the physical changes in the atomic structure of iron* Plain carbon steels 
begin to harden when heated to the lower critical temperature (approximately 1,340^ F) and 
quenched; but they obtain their maximum hardness when heated to their upper critical tem- 
perature and quenched • 

h. If the cooling is very rapid, as in water -que*<fching, the transformation takes 
place at a temperature very much below the. critical temperature range • The carbon^is held 
in a forced and finely divided state so that the steel becomes hard and brittle and a great 
deal stronger than slowly cooled steel. This increases the degree of hardening possible for- 
a given cooling rate; 

c. Alloy additions alter the rat-e of transformation on cooling and permit deeper 
hardening with less severe rates of cooling. This is particularly advantageous in large or 
complicated sections that wovild tend to crack or be distorted' if made from ^ain steel 3Jid 
water-quenched. Each' alloy or combinjitioil of alloys, however, shows individuality in its 
effect. Alloy steels are, th§r;efore, made up and heat-treated to attain the specific prop- 
erties required.in the structures for which they are to be used,. Each time a piece of carbon 
or low-edloy s^el is heated to,' or slightly above, its 'critical temperature, a fine grain, is 
developed, ' 

d. As the steel is heated to higher temperatures, the grains become coarser and 
c<vitinue to increase in size with the increase in the time the steel is iield at these higher 
temperatures. Coarse-grained steels tend to be more brittle and generally less serviceable 
than fine-grained steels. Therefore, a fine grain is usually desired in alloy structural steels, 
and this is attained by quenching from a temperature not more than 100*^ F above the upper 
critical temperature, 

e^. Heat colors in moderate^ diffused light and their approximate temperatures 
are as follows: " ' , * ^ 

(1) Brilliant white - 2,732° F, ' . 

(2) White .heat -'2,552° F. 

(3) Yellow-white - 2,372° F, 

(4) Orange-yellow - 2, 192° F, 

(5) Orange-red - 2^012° F, 

(6) Bright cherry-red 1,832° F; 

(7) Cher^y-red - 1,65 

(8) Dull cherry-red - 1,472° F, 

(9) Dark red - 1,292° F, ' ^ ^ 
* (10) Red in sunlight - 1,077° F, . 

(11) Red in daylight - 975° F, . / ' 
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(12) 


Faint red in twilight - 885^ F. 




(13) 


Faint red in dark - 752^ F. • 


* 


.60. TEMPERING. 

J ■ ■ ■ ■ ■ • . 

a. After a steel is hardened, it is too brittle for ordinary purposes; therefore some 

of the hardness should be removed and toughness induced. This process of reheating quench- 
hardened steel to a temperature below the transformation range and then cooling at any rate 
desired^is called tempering^ The,metal must be heated uniformly to a predetermined tem- 
perature depending on the toughness desired. As the tempering temperature increases, 
^toughness increases and hardness decreases. The tempering range is usually between 
"370° and 759° ^« ''"^ sometimes it is as high as l|lpq°_Xv ' ' 

b. Temper , colors and their approximate temperatures are as follows: 






Very pale yellow - 430° F. ♦ ' ^ 


- 


~ " " (Zf^ght yellow - 440° F. 




- (3). 


Pale straw-yellow - 450° F. 




(4) 


0 it ' * 

Straw-yellow - 460 F. ' - * 




(5) 


Deep straw-yellow - 470*^ F. ' * . ' 




(6): 


Dark yellow - 480° F. • . ' - ' 


'^.^ -* - 


(7) 


Yellow-^brown - 490° F. 






Brown-yellow - 500 F^ - _ — 




(9) 


Spotted red-brown - 510°^F. 




( 10) 


Brown-purple - 520° F. - ^ 






Light purple - 530^ F. - - . 




■O*- (12) 


Full purple r 540°^ F.J " - ' - . 




(13) 


.Dark purple - 550 F. * - 




(14) 


FuU blue - 560^ F. . - ^ ' - 




(15) 


Dark Blue 570° F. * * • 




(16) 


Light blue - 640° F. ' " ' ' v. ' 




(17) 


Faint red (visible in dark) - 752° F. 




(18) 


Faint^fed in twilight - 885° F. - * . - . ^ . 




' 'U9) 


Red in sunlight - 1,077° F. 




c. . Quench to co<5l part or to, prevent heal from creeping during selective tempering. 


ERIC 
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6l\ NORMALIZING. The purpose of normalizing is to reiine the grain sfruc'ture of 
• metals and remove stresses to a lesser extent than anneaUng. It breaks up the coarse grain 
structure set up from casting welding, or forging. Normalizing is accompUshed by heating 
•to the normahzing rangeo{100° to 200° P above the upper critical temperature) and cooling 

in still air, . ' * 



62. - ANNEALING. Metals that have'been rolled, drawn, hammered, forged.(work- 
hardened)/or hardened by heating and quenching can be made soft and.ductile by aiwealine. 
This process mvolves heating to a temp,eratur,e 50° to 75° P above the upper critical tem- 
perature and cooling slowly in a furnace or'other confined space. The annealihg process 
removes hardness for further working; it also reUeves stresses and increases ductility. 

63. SURFACE HARDENING. A low-carbon steel canhot be hardened to any great extent 
because of its low carbon content, yet the surface can be hardened by means of case hard-X 
emng. The hardemng is accomplished by increasing the carbon content of the surface only. 

Case hardemng. This process produces a hard surface resistant to wear, but 
at the same time leaves. a tough core. It is accomplished as follows: 

(1) Pack carburizing. The process whereby work is placed in a metal .con- 
tainer and surrounded by a mixture of charcoal or barium, calcium, or 

^ ^ sodium carbonates^. The container is sealed knd heated ffom 1 to 16 hours 
at 1,700 to l,80a F; approximate penetration is 0.007 inch per hour. 
Next,. the work is removed, quenched, and tempered. 

(2) Gas cafburizing. The process whereby work is placed in a gastight retort 
and heated to"l,700° F, and natural or manufactured gas is passed through 
the retort until proper depth is obtained. Next, the work is heat-treated 
as in the pack process,. 

t^)' Nitriding. The process whereby work is placed in an atmosphere of 

ammonia gas at 950 F for from 10 to 90 hours. The'maximum depth of 
^0.030 inch will be reached at 90 hours. The- work is then 'removed and 
cooled S'lo^vly^. Little warpage will result because of the low temperature. 
T^^^^^se must then be ground so that it will be corrosion resistant. 

(4) Cyaniding. The process whereby work is prehekted and immersed in a 
cyanide bath at 1> 550° F. Time of immersion varies from a few minutes 
to 2 hours wifh a resulting penetration of 0.010 inch per hour. Parts 
should be .tempered if-toughness is desired. The fbmes /rom this process 
are poisonous; therefore, the work should be performe^y in, a weU -ventilated 
work station. / 

^o^^ge case Wdening . This process, usuaUy used in' the field, is accom- 
'Plished by preheating work in a forge or wUh a torcK t6,l , 650° F, then • 
dipping the wdrk in potassitim cyanide or Kasehite^^iid. applying flame until 
the compound melts. Repeat until required depth/is attained, knd then 
quench. " 

^' ' Induction hardening . This process is accomplished by the use of a high- 
frequency current with low voltage and a water spray to quench the .work. It is used on' 
high^ carbon and alloy steels. * 

• • / " ' ^ ^ 

£' Flame hardening. -This process is accomplished by heating the surface to be 
haraened with an oxyacetylene torch and quenching it in water. Steel must be high in carbon. ' 
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SECTION VIU. CONCLOSrON 



' 64, SUMMAS^Y. As a result of studying this lesson you have learned that metal , has 
surpassed both wood and stone as a basic material for the manufactures of .products* You 
also have become aware of the many, characteristic properties that make metal so popular. 
In addition,' you have beett acquainted with *he use of hardhess testers, how to identify 
metals, production processes, anS the procedures for heat treatnrjent of metals* You 
should find that the knowledge you have gained by studying this lesson will be invaluable ^ 
•to you as- you continue to study and prj^ctice the machinist trade*. 



^ 
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LESSON EXERCISE QUESTIONS * ^ 



Imtructioni for uae of the ariawer iheet: 



U " The procedure b/ which yrou wiU anawer.the exerciae queations in thia aubcourae ia 
probably new to you. JThe information ia preaented in a programed inatrucUon 'format 
where you imnxe.diately know whether or^ot you have anawered the queationa correcUy 
•If you have aelected an incorrect anawer. you will l)e directed to a portion of the atudy ' ^ 
text that will provide you with, additional information. 

2. Arrange thin aubcburae booklet and your anawer aheet ao that they ar^ convenient 
Each exerciie queation haa three choice* lettered a, b, and c. *Y.puJ anawer aheet haa 
three groupa of numbera for queatiopa 1 through 200. The numbera indicated for each 
queation repreaent the a, b, or c choicea. The exerciae reaponae liat ia in the appendix 

" to thia aubcourae. It containa a Hating of'Srdigit numbera in numerical aequence. Each 
number ia foUowed by a reaponae that either reinforcea a correct anawer or givea you 
additional information for an Incorrect aniWer. 

3. To uae thia ayatem'proceed aa followa; ^ 

a. Read the firat exerciae queation and aelect the choice you think anawerl\he 
queatiori correctly. Go to the queation 1 area of your anawer aheet and circle the 3-digit 
number that correaponda with the choice you selected. . , r 

.b; After you Hive Identified the 3-digit number, locate it in the exercise responie 
lilt. If you selected the right choice, the first word of the response wUl be "CORRECT 
This tells you that you have answered the question correctly. Read the rest of the respdnse 
which tells why your choice was correct and then go to the next question. " ' 

■ ■ < I . 

c. If the word "CORRECT" is NOT the first word of the-respohse", you have selected 
the wrong answer. Read 'th* rest of the response and then turn to the area in your study 
text that is mentioned. There yoli wUl find the information nec«5srfary for you to make 
another choice. Be sure to read all of the response because it wUl help you select the 

•correct answer and it also provides more information. Line ovit the incorrect 3-dieit 
response on your answer sheet. • 

d. Afte^r you have reread the reference, select another knswer and circle the 3-digit 
response for that choice. Again check the number of this second choice with the response 
liet to seft if your choice is now cfirrect and to obtain more information about your choice. 
If your se'cond choice in still not correct, line out the 1-dlgit response on the answer sheet 
and continue. until the correct answer is selected. When you have answered all of the 

. questions in an exercise, count the number of lined oat responses and se^ how well you did. 

4. You wUl notice that the lesson exercise question numbers continue consecutively from 
lessoft to lesson. This aUows you to use one answer sheet for the entire subcourse. 

5. ^ Aft«sr you have finished the exercis*^ questions for all lessons, fold and seal the answer 
sheet so that the USAOC&S address is on the outside. .Drop the answer sheet in the maU 

so the school wlU know you have completed the study portion of the subcourse and are now 
ready for the examination. 
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EXERCISE j ^ 

1, What best describes ultimate strength? \ 



a. Unit stress measure^in- tons ^>er square inch • - 
b» Unit strain measured iii tons per^'square incti i\= 
c, -'Unit stress measured in pounds per^ square inch 

2. Which test is the one^most often applied to metals? 

a. Strain - . 

b. • Stress * ^ 

Tensile* v * 

3. Which is the strongest of the commercially pure metals? 

a. Molybdenum 

b. Tungsten 

c. Titanium • - « 

4. The drawing of a piece ^ wire from a larger to a smaller, diameter is an example of 

a, ductility, * 

b* toughnes.s. ^ 
c. elasticity.. 

5. • 'The energy that is recovered from a clock spring is an example of 

a/* strain. ' 

b, ' resilience, 
c*- elasticity* ^ - 

6. The breaking of a rotating shaft that has been drawn out of alihement by a pulley belt 
is an example of - *- , ^ 

a. brittleness. ' ' 

b. ' fatigue, 

c. strain, 

■ ^ • % ■ 

7. Which type of hardness tester operates by forcing a hardened steel ball into the test 
material by the weight of a known lojCd? 

a. Shore scleroscope 

Rockwell • ' * ' 

c. . Brinell ^ , ' 

^ Which type of .hardness Jester la, portable and can be transported to the. work site? 

> a. Shor^ scleroscope 

b. Mono tr on • . ' 

c. Rockwell *• * , ' ' 



■'(■ . . OS 424, I.P42 



What best describes a metal with a type SA£ 1020 designation?' 

a« Carbon s^e el containing 0.20 hundredths* of 1 percent carbon 

b. Carbon steel containing 0^X0 hundredths of 1 percent carbon 

c. Nickel steel contaimng 0*20 hundtedthflu'oiE I percent carbon 

Type SAE 5130 steel is a chronaium-steeL alloy containing 



a. 1 percent chronaium and 0» 30 percent carbon, '~~ 
^.h; 5 percent chromium and 0.30 percent carbon, 
c* 50 percent^chronaium and 0.30 percent carbon. 

What is the most important singU factor governing the propertied and uses of steel? 

a. * Slag content \ , ^ . ^ 

. b. Carbon content . ' , 

c. Type of ore " ' - 

Which material is not used in the charging of a blast furnace? 

a. Silicon ^ . , 

b. Ore 7 

c. Coke ' . 

Which process was the iirst to give large quantities of cheap steel to t^ie world? 

a. *' Open -hearth' ^ 

b. Bessemer ^ 

c. Electric " - , ' ^ 

What effect does the addition of sulfur have when added to basic open-hearth steel? 

a. Makes it free -machining - - ' ' 

b. Decreases the carbon content , < 
c' Makes it corrosion resistant ^ ' . ' ' 

What ingredient provides wrought iron with the property of resisting corrosion and 
oxidation? 

a. Slag 

b. Scrap 

c. 'Carbon 

Which is a major characteristic of an aluminum torch test? 

r • ' . . ' -\ 

a. Shows red before melting . 

b. White oxide filni forms on moUen surface 

c. Collapses'suddenly 
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17. At what poifit'are the upper and lower critical temperatures the same for steel? 

' 9.. 'Whext the carbon content is below 0, 85;perqeiit 

hi When the carbon content reaches 0« 85 percent * . 
c* When the carbon content reaches 1*7 percent 



18* Which quenching media is used to reduce e clicking and Is primarily usecTfdr tow -alloy 
steels and thin-sections of carbon steel? 

\ -a. Brine ' * 
V b. ' Water 

\: c. Oil 

* ' 4* * • 

19. What process is. used to induce toughness after' steel has been hardened? 

a,' Tempering ^ - * ^ 

.b; Oil-quenching , 

€• Normalizing 

' ♦ '* ' 

*^ 

20. Which surface hardening process consists of preheating the metal, dipping it in 
potassium cyanide or Kasenite^ and then applying flame until the compound melts? 

» 

a« Forge case hardening 
b« Pack carburizing 
.Gas carburizing 

2i» Which two properties are combined to form the characteristic of toughness in a metal? 

a. Ductility and strength 

b. Strength and malleability J 

c. Hardness ar[d elasticity 

22. Which is a,- characteristic of the nionotron hardness' tester? ^ 

a. Diameter of the impressibn.is measured • 
b« ttepth of the impression is kept constant 
c« ' Depth of the impression is measured 

• Zi, What is the primary purpose of the'1>last furnace? 

^ 'a. Eliminating impurities in iron ^' 
b* Refining special types, of steel 
c* Extracting' iron from ore 

• " - 

24. What type of steel is hardened by the case har^ning process? 

a; Low-carbon 

b. . .High-carbon , . - 

c* Low-carbon and alloy - - ■ 

« 

^5* What is considered to be one of the most versatile and widely used alloys? 

a. Magnesium - . . 

• b. Aluminum . 
c» '.Chrortiium * ' 

1' 1- . 

- ■ ■ ' /• Krr 
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LESSON ASSIGNMEN T SHEET 

Ordnance Subcotirse No 424 ^ Machine Shop Practice 

Lesspn 2 , Shop Mathematics Review 

Credit Hours One 

Lesson Objective . • . After studying this lesson you wiU be able to: 

1.. Work, use, solve, explain, and compute 
* elementary mathematic problems used 

for shopwork application to include equa- 
tions and formulas, ratio and proportion, 
^ area and volume, -square r^ot, and linear 
and metric measurements. 

- ' ' 2. Measvire angles and find solutions to 

right triangles to include the Pythagorean. 
' • - theorem. 

Text. « ... . • • « . Attached Memorandum 

Materials Required r None 

Suggestions If possible, apply the mathematics review to 

.various machine shop applications » 

STUDY GUIDE AND ATTACHED MEMORANDUM 

1. GENERAL, The p\irpose of this." lesson is to provide a practical treatment of 
elementary mathematics .and a discussion, with illustrative examples of the mathematics 
involved in actual shop work. The niathematics most commonly used for shop work 
applications include equation's and formulas, ratio and proportion, square root,' linear 
measurements, area, volume, metric system^ angular measurement, and solution to 
right triangles, to include the Pythagorean. theorem. 

2. SHOP MATHEMATICS REVIEW, 
a. Equations. 

(1) Definition - an.equation is. a statement of equality between two quantities. 

, ^xamt>le 

If X = 2 and Y ='-4 - . 

2X.= Y * 
And by substitution 4=4' 
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{2) Rules for solving. 

(a) Equal quantities may be added or subtracted from both sides 

of-kir^qaatiTO^to--fed-weiix^ — ;7 — 

Example No> 1 Example No. 2 

X - 2 = + 8 + 5 = 12 

•^ 2 = 2 > 5 = . 5 

X = 10. . 3c ; 

(b) Problems may be solved by transposing terms; that is, any 
•'term may be transposed from one side oiya^ equation to 
another by changing its sign. 

Example No. 1 ^Example No.- 2 

^•X+2=7. X-2=5 
Xr7.2 X=5+2 
X = 5 X = 7 

(c) Equal quantities may be multiplied or divided on both sides of 
an equation by equal quantities. 

Example NoV i Example No\ 2 



X ^ ^ 4X = 20 



5 



4 X _ 20 
4 

X s 5 



5 

X = 35 



(d) In general, whatever operation^is performed on one side of 
an equation must be performed on the other side to maintain 



equality 
Formulas. 



(!) A formula is a form of an equation expressing a general fact. 
(2) Rules for solving. 

(a) Substitute known values into the formula. 
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(b) « Solve for unknown. 



* Example Not 1 



RPM = CS X 4 



Diameter of cutter 
"CS = Cutting speed = 100 
Diameter of cuttet - 2»* 



100 X 4 

J! = 200 r.p.m* 



Example No. 2 



Tap Drill Size = OD - 4 

-- 



OD =1/4 N = 28 



Tap DriU Size = - 3^ = ^214 inches 



Ratio and proportion . 
(1-) Ratio. 



(a) Ratio is the relation which one quantity bears to another 

• quantity ^6f the Same kind. Ratio is used considerably in 
shop work. Pulleys and gears may have to be figured in 
ratio to speed and* diameters. The drawing or blueprint is 

^ a rare one, indeed, that is. not drawn to Some scale. Maps, 
^ without, exception, are drawn to scale. Scale means one 
figure is used to represent another. Usually a small figure 
represents a larger figure; e. g. , on a blueprint 1 inch might 
represent 1 foot. 

« . ' ♦ 

(b) The two numbers used in the ratio are called the terms of the 
ratio. The first number of a ratio is called the antecedent; 
the second number is called the consequent. The consequent 
is the divisor. The (:) ii the sign of ratio and means "is to." 
Thus, 3 : 5 reads 3 is to 5. It is a dividing sign. In the same 
ratio and similar expressions, such as in the same proportion 
and pro rata, all have t he ^ same meaning. _rr 

(c) The ratio of one number to another is really the quotient of 
the fii'st number 4ivided by the second. 

For example, 8:2 = 4-/ 

(d) The value of a ratio is not changed by either multiplying or , 
dividing both terms by the same number. 

'Thus, 3 : 2 = 6: 4 = 60 :-40 etc. 
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(2) Propordon * 

(a) Proportion is a statement of equality bjetween two ratios* Thus, 
" 3 : 4:: 6 : 8* the symbol {::) meaiis as, ,or equals. Either this 

- sign or the equal sign (s) may be used* The extremes are the 
first and la«t terms* The means are the second and third 
terms* X, Y or Z usually represent unknown quantities* 

(b) Rules of proportion* 

1* General * Rule 1 - In proportion, the product of the means 
equals the product of»the extremes. 

Example 

3: 4::9:12 

4 X 9, (product of the means) = 
3 X 12 (product of the extremes). 

Note* — This msdces it possible to find an unknown qxiantity* In other words, 
when three terms of a proportion are known, the fourth can be found* 

2* To find one tinknown mean * ' Rule II - When both extremes 
and -one mean are known, find the unknown mean by dividing 
the product of the extremes by the unknown mean* 

' Example 
15:5: = :?:Z0 

Let X = the tinknown mea,n* 
You then write: 15:5-: X:20_ 
, 15x20 = 5xX 
300 = 5X 
60 = X, the unknown 

3* To find one unknown extreme * Rule III - When both means 
and one extreme are known, find the unknown extreme by 
dividing the product of the means by the known extreme* 



Example 



ie^ 



X: 28::2:8 
^ _ 28 X 2 

s ... 

X = 7. • 

Exatnple problem Solution . 

If a motor transport unit X: 240:; 5:8 

travels 240i miles in 8 " 5 x 240 

hours, how far will it - 8 
travel in 5>hburs? 



150 miled 



61 
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If 15 artnaturei for 
starting motors in mill* . 
tary truck! ct>it $63, what 
will 27 armatures .coit at 
yf-the same rate per arma* 
turc? 



The fame relation holds 
between the coet prices as 
bjBtween the number of 
armatures . Therefore, the 
ratio of 15 armatui^es to 2? 
armaturlie equals the ratio . 
oj[ $63 to, the cost of 27 



armatures f 



Then: IS: 27 =: 63? X 

X=llil3^n3,# 

27 armatures then would 
cost $113, 40, 



Square root * 

(1) Square root definitions. 

Example 



5": 

(a) 
(b) 



5 X 5 = 25 



Exponent - placed above' aiid to the right of a number ii multi- 
plied by Itself (i. e. , to what power it is to be raised). 

Power - the product of a number multiplied by itself a specified 
number of times. 

Hoot of a number - that number i^hen multiplied by itself the 
number of times indicated by the exponent will result in a 

given nximber. 



(d) Radical sign - indicates the root* 



Example 



Note. — . 



A blank radical indicates a root of two, 
(2) Procedure for solving square root, 
(a) Whole numbers. 

Example ' * . 

Find the square root of ^5475.6. 

1. Insert decimal point in proper position for answer. 



Y54756, 
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2, Pair off numbers to the right and left of the decimal point* 

3^ " Select, the largest square of a nuniheT that will divide into 
the first pair* Place this square under the first pair, and 
its root. • ** 



5. 



a/5 47 56 



r 



J 



4* Subtract and bring down the next pair of numbers* 



•4 

{1 47 

Multiply the number of numbers in the answer by 20 - this 
will give the trial divisor. 

20x2 = 40 



Note* —20 is a constant and will always be used to multiply the figur'e or figures 
in the answer each time a trial divisor is required. 



(x. 



Divide the trial divisor-into^the newsgroup. Place the 
result in the answer^ and also add it to the trial divisor. 



Example 
2 3 



4 



2 

X20 

Trial divisor 40 
Result 3 
Correct divisor 43 



7. 



Multiply the corrected divisor by the ^ame number just 
placed in the answer. Place* the result below the -new 
group and subtract. 

Example ' ' " . - " 

2 ,3' ^r. ' ^ ^ * 

5^. ' . 

4 . y ' 

. jl 47 
4 29 
1 18 56 



63 
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' 8. Repeat steps 4, 5, 6, and 7 until problem is solved. 

Example • • 

i 3 4. 23 " " 

V5 47 56. x20. 

4 Trial divisor 460 - 

- 11 47 Result ~ . +4 

'l 29 Corrected divisor 464 

IS 56 ' : _ . ' 

18 56 * ' : 



00 00 • . 

(b) Fractions. 

1. Numerator and denominator perfect square. 

a. Extract square root of each. 

b. Procedure same as in wj^ole numbers. 
Example 

"81 V81 . . 9 



256 " 16 

2.' Numerator and dei;iominator not perfect squares. 

a. Convert fraction to a decimal. 

b. Proceed as in whole numbers. 

(c) To square a fraction - multipty, the numerator by itself and 
the denominator' by itself. 

Example ^ 

(1/2)^ = 1/4 . 
<3/8)^^=9/64 ^ ' 

.\ Linear area and volume . 

(1) Formulas . Definitions of plane and solid figures. 

^ (a) Plane figure - plane surface bounded by either^traight or 

^ curved liiys. 

1. ^^olygon - plane figure bounded by straight lines, 
a. Triangle - polygon bounded by three sides* 

(1) Right triangle - triangle with one angl6 90^. 

(2) Equilateral triangle - triangle with equal ^ide 
^ " ^ and equal angles. 
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b. Parallelogram.- four tided figure^^lch has both pairs 
of opposite sides parallel* 

(I) Rectangle - paTallelograirrtfaat^has four right 

angles* 

(2) Square - parallelogram that has^four right angles 
and four equal sides (an equilateral rectangle)* 

2* Circle - plane -figure bounded by a curved line, every 
point of which is equally distant from the center of the 
figure* 

a* Circumference - curved line that bounds a circle. 



4/ 



b* Diameter - straight line drawn through ^he center of 
a circle terminating at both ends on the circumference* 

' c* Radius - straight line drawn between the center of a ^ 
circle aud the circumferend^T' 

d. Arc - any part of the circumference* 

e*- Chord - a straight line other/than a diameter, both 
ends terminating in the circumference* ^ 

(b) Solid figure - iigure having three dimensions, length, .width, 
and altitude* * , 

1. Prism - solid figure whose-bases are similar, equal and' 
parallel polygons, t|e faces being parallelograms* 

' Noterf;T-The pfism is .*amed from the shape of the bases; namely, triangular, 
'^,5ecta^gular, etc. 

^ f: • 2*' Cylinder - solid fi'gure bounded by'two equal parallel ' 

^ " "* circular bases; its .lateral surface is formed by moving 

r" a straight line connecting the bases and moving along 

their circximf^rence* 

Note* —Right cylinder is one whose lateral suifface if perpendicular to its base* 

' ^ 3. .Cone - solid Awkose base is a circle and whose lateral 

surface tapers uniformly to one point called the apex or 
vertex* 

(2) Formulas for perimeter, area and volume* ■ ' 

fa) Perimeter - the outer boundary of a figure 
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U 'Rectangle - P - 2L + 2W (fig. 1) 



Example 

m 

P = (2 X 2') + (2 X 4») 
P = 4' + 8' 
P =12*. 



W 4' 



L 2« 



L 2' 



W 4' 

Figure 1. Rectangle (perimeter)-. 
Square - P = 4S. 

Note. -—Square may be solved by using the rectangle formula since L = W = S. 
3. Triangle - P = a+ b + c (fig. 2). 
Example 

P = 1»» + 2'» + 3" ^ w 

p = 6" " ' ■• ' 




c'r» 



a 3" 

Figure 2. Triangle (perimeter). . 
4. Circle - C TT d .(fig. 3). - 

Note . -—Perimeter is denoted by (C) circumference of a circle; Tr(Pi) = 3. 1416 
and iia constant. It is the ratio of the circumference to the diameter (d). 



Example 

C = 5=» X 3. 1416 
C = 15.708*' 




Figure 3. Circle (circumference). 
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(b) Area • the number of square units a surface contains, 
U Rectangle and square. 

at. Area is the product of the length and width, 
b. A = L X W. 
2. Triajigle. - . i^' 

a. Area is the product of the length of the^ base and 
one -half the altitude. 

b, A = 1/2 b h (fig. 4). 
Example 



A = 1/2 (Z" X 5") 

A=^ 

A =? 5 sq. in. 




b • 
Figure 4. Triangle (area). 

^. Circle. 

> 'a. Area is the product of pi and the radiu's squared. 

b. A = TT r^ (fig. 5). . ^ 

Example 

A = 3. 1416 X 2^ 
A = 12. 5664 sq. in. 



0 



t 



Figure 5* Circle (area). 
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4. Cylinder. 

a* Lateral area is product of circumference and altitude: 
LA - C X h (fig. 6), ' . . 

b* Total area is the sum of the lateral area and tHe areas 
" of both bases: TA - LA + 2 r^ (fig. 6). 



Example - Lateral area ~~ ~E5campie * Total area 

LA - (3. 1416 X 6»»^x 10»» TA = 188.496 + 56.5488 
LA = 18.8496»» x 10" TA = 245.0448 sq. in.^ 

LA = 188.496 sq. in. 




\ h 10»» 

Figure 6. Cylinder (lateral and total area). 

^. Cone, 

a. Lateral area is the product of the circumference and 
.one-half the slant height: L^^ C x 1/2S (fig. 7). 

» b. Total area.is the sum of the lateral area and the area 
of the base: T A = LA +7rr^ (fig. 7), ? 



Example * Lateral area 

LA = 18.8496 x-^ 
LA = 113.0976 sq. in. 



Example - Total area 

TA = 113.0976 + 28^2744 
JTA = 141. 37-20. sq. in. 




Figure 7. Cone (lateral and total area}« 
) Volume - the number of cubic units contained in a solid. 
I. Rectan^g)ila-r prism. 

a. Volume is the product of the length, width, and 

altitude. '"^ 
« 
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b, V a 1 X wxh (fi^. 8}. 

V s Zlx V x i' 
. V » 24 cu. ft. 




Figure 8/ Rectangular prism (volume). 



2. Triangular prism. 

a. Volume is the product of the area of the base and 
^ one-half 6i the altitude, 

b. V »):/2.1Wh{fig. 9). 
, Example ' ^ 

vy| X 2' x 2». , 
' V = IE cu. ft. 




Figure 9. ^Triangular prism {volume}, 

, * " < ' ' . «' 

•3. Cylinder.; ' • , . ' ^ 

*^ f . 

f ' ' . \ • ; 

a^. Volume if the product, of:the area of thg base and the 

altitude. ^ ' * * 



b. ,V rVC^g* l^K' 
E^titmple ' ' 

V = 3.1416 x-E^x 6 
; . V = 75.3984 cu..in. ^ 



Figure 10. Cylinder (volume). 

. * t 

4. Cone, 

a. Volume is the product of the ar^a of the base and 
one -third the altitude. 

b» V =|'/rr r^h {fig. 11). 

Example 

V^(3, 1416x22)x| ^ 
. ' V = 25, 1328 cu. in; 




Figure 11. Cone (Volume),, 
Metric system . 

(1) - As service section officers in the United States Army you v^ill be 

often called upon to. travel to some foreign countries where a 
different mathematical system is used. For instance the European 
and Asian countries use the metric systerhfOf Jiieasurement. For 
this reason you should have a knowledge of how the system differs 
•from ours and how to convert their system into o.urs. ' 

(2) Metric? equivalence: , 

(a) The meter is the basic unit of measurement. 
{b) One meter (m. ) = 39* 37 inches. 
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Note. —Basic units decrease or increase in multiples of ten. 
(3) Fractions of meters are: 

(a) 1 decimeter (dm/) = T/lO m. or . 100 m. 

(b) 1 centimeter tcm.).= 1/100 • 

(c) 1 miUimeter (mm) = 1/ 1, 000 m, pr . OQl m. 
(.4) Multiples of meters are: 

(a) 1 decameter = 10 meters. 

(b) 1 hectometer = 100 meters. 

(c) 1 kilometer = 1, 000 meters. 

(5) Conversion tables. ^ 

(a) To convert inches to millimeters, multiply by 25. 4 because 
p^.-^25,4mm= 1 ixxch. 

Example 

. Change 12 mches to millimeters. 
12 inches x 25-. 4 mm = 304. 8 mm. 

(b) To convert millimeters to inches, multiply by .03937. 
. ^ 1 mm = 0.Q3937 inches. 

^ Example ' - ^ ^ 

Change 73 mm. to inches. 

73 mm X 0, 03937 inch = 2.874 inches. 

, ^, Units of' angular measurement . . 

(1) Degree J(l%„ ' , 

(21) One revolution of a circle contains 360°. ^ 

(3) Half a revolution contains 180°. 

(4) A right angle contains 90O. • ^ 
(5> Each degree contains 60 minutes (1*). ■ 

(6) Each minute contains 60 seconds (1"). . 

Note. -.Seconds are used for .extremely accurate work.' In machine shop work, 
^Wnlc. bevel protractor measures to the nearest 5 minutes in accuracy. 

' ' , \ 

' ' • ' ^ .OS 424, 2-P14, • 
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.^2)> Additi on-and..subtgactio n o f a agl#f»>.^ — - 

^ Examples * ' ^ ^ 

15^ 46' 34" 32° 13' 32" 31° ^2"^" 

-h. 370 23' 42" - 25Q 56' 47" Zjo 5b' 47" 

^ 520 691 7£^i - — 

Which ia 6° 16* 45" 

Which is 53° 10' 16" 

Solutions of Tight tri&ngles ^ 
»• 

(1) Trigonometry is that branch of mathematics which deals with the 
numerical relations between the sides sind angles of i triangle.. 
The trigonometric functions discussed here will be the sine, cosine 
and tarJgent. Practically all common shop problems in right angle 
trigonometry csin be solved by"rneans of these functions. The 
solving of taper^s in lathe work is a significant example of wh^re 
knowledge of right triangles is important. 

The sum of the angles of any triangle equals 180°. 

(2) ' Nomenclature of right triangles (90° triangles) (fig. 12). 




. T ■ - .■ 

Figure 12. Right triangle* 

(a.) In reference , to angle A* - . 

« \. 

Ic Side opposite = a. Side a is opposite the angle referred fo. 

'2. Side adjacent = b. Side-^TTouches the angle referred to. 

3. Hypotenuse = c. ^he hypotenuse is always opposite the 
90° angle in a right triangle. 

(b) In reference to angle S. . . 

J^. Side opposite = b. Side b is opposite the angle being 
referred to. 

o 2£. Side adjacent = a. Side a touches the angle referred td. 

'3. Hypotenuse = c. The hypotenuse is always opposite the 
90°*angl^ in a right triangle. 

, ^ OS 424, 2-P15 



72 



(c) Example (reference angles A) (fig. 13)f^: 
/a 




' b 



Figure 13, Right triangle. 
U Side opposite = a.' 

Side adjacent = b. ^ 
_3. Hypotenuse = c. • 
(d) Example (reference known angle - 40^ ) (fig. 14). 



5.95" 




Figure 14. Right triangle. 
U -Side opposite - .5> 000 inches. 

2. Side adjacent = 5.95 inches. 

3. Hypoteriuse ^ 7.78 inches. ' 

(e) Example (reference unknown angle) (fig. .15), 




Figure 15. Right triangle. 
U Side opposite = 10. 

2. Side adjacent = 37.45. 

,2* Hypotenuse = 38.76. 
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. i^X ^TTiSQnometric functions . 



Note^ —The term function in mathematics is a quantity whose value depends on 
the value-of some other quantity;* ■ > , % 

Example* - In a square the length of one side depends on the length 
-of the other sides. Also the length of a diagonal line 
^across the corner-s is dependent on the length of the ^ 
sides, • 

(a) When orie angle other than the right angle and a side -is known, 
the length of the other two sides can be found,. If two sides are 
known we can determine the size of either of \he two angles by 
. . the use of trigonometric functions, | 



can find hypqtenuse', 
'(fig. 16A) 



We can find the adjacent side". We can find the angles., 
(fig. 16B) (fig. I6C). 





•Knowij 




Figure 16, Known and unknown quantities of right triangle, 

AIDS TO MEMORY 



1, Si'he' = side opposite 

hypotenuse 

2, Cosine = side adjacent 
*" hypotenuse 

3, Tangent ^ side opposite 

side adjacent 



Sine = 

'Cosine = 

jHeap 
Tangent = Of 



Oscar 
' Has 
A 



Apples 




(b) Selection of functions - select a function containing two 
-values and the one unknown you are looking for. 



known 



Note. —An extract of trigonometric tables will be found at the end of this lesson. 



Example, - Find degrees in angle X (fig, 17).. 




Figure 17. Right *triangle (angle ^ unknown). 



OS 424, 2-P17. 



Determine what function to use. Ans . - Sine. 

REASON; The^ side Opposite (3) and th? hypotenuse (6') are 
known. We atre looking for the sine of angle X. 



sine = Side opposite 3 ^ ^ = p. 500 
. Hypotenuse 6 . 2 



Answer to problem: 
Sine of 0.500»= 30^ 
XLX=30O 



EXAMPLE . - Find the length of^ide X (fjg. 18). 




Figure 18. Right triangle (jside opposite unknown). 

Determine what function to use. Ansk. - Sine 

REASON: The angle (20^) can be used and hypotenuse (10") 
is known. We are looking for the opposite side. 

* . • ' 

Sine = Side opposite . 

Hypotenuse * - - 



Sine b5 20° = 0. 34202 

0. 34202 = X 
10 ^ 



X = .34202.x 10 
X s 3.4202 inches 



jUaw of the fight triangle^ '' ^ ' • ^ ; 

{3) The law "of the right triangle is- known as the Pythagorean , 
theorem. This theorem is us eel when there are two known 
sides and one unknown side tea right triangle. It states; • \ 



' H^ = A^ .+ 
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Example 1 ^(fig. 19 ) - The hypotenuse H^S^) = Side"X^(3^) + 

Side b2{4^) 



25 r 9 + 16 



H = 5" 



A = 3' 




Figure 19# Pythagorean theorem. 
Examj^ 2 (fig* ZO) - Solve for hypotenuse H. 



= A^ + B^ 



H"^ = 100»' 



H 10" 



A 6" 




B 8" 



Figl{re 20. Solving for unknown hypotenuse. ^ 

(b) The Pythagorean theorem can also be revised to include the 
following formulas: 



1. "A^ = - B^ 
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TABLE U , EXTRACT FROM SlNES AND COSINES, NATURAL 



C«il«i 



21^ 



Sin* C«itai 



12^ 



21' 



CMiA 



0 
I 
2 
3 

5 
6 
7 
8 
9 
10 

11 
12 
13 
H 
15 
16 
17 
18 
19 

'20c 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



34202 
.34229 
34257 
34284 
.34311 
.34339 
34366 
34393 
344^1 
34448 
.34475 

34503 
34530 
34557 
34584 
34612 
34639 
34666 
34694 
.34721 
34748 

34775 
34803 
34830 
34857 
1.34884 
.34912 
.34939 
34966 
34993 
35021 

^04a 

35075 
35102 
35130 
35157 
45184 
35211 
35239 
.35266 
35293 

35320 
35347 
.35375 
35402 
35429 
35456 
35484 
35511 
35538 
.35565 

3 5592 
35619 
35647 
35674 
35701 
3S728 
35755 
3$782 
35810 
35837 



93969 
93959 
93949 
,93939 
93929 
93919 
93909 
93899 
93889 
93879 
93869 

.'93859 
.93849 
93839 
.93829 
.93819 
.93809 
.93799 
93789 
.93779 
.93769 

.93759 
.93748 
.93738 
.93728 
.93718 
,93708 
.93698 
.93688 
.93677 
93667 

'! 93657 
.93647 
.93637 
.93626 
.93616 
.93606 
.93596 
.93585 
93575 
.935^5* 

93555 
93544 
.93534 
.93524 
93514 
93503 
93493 
93483 
.93472 
.93462 

.93452 
.93441 
93431 
.93420 
.93410 
.93400 
.93389 
.93379 
.93368 
.93358 



35837 
.35864 
35891 
35918 
35945 
35973 
36000 
36027 
.36054 
36081 
.36108 

36135 
36162 
.36190 
36217 
36244 
36271 
36298 
36325 
36352 
.3637? 

.36406 
.36434 
36461 
36488 
36515 
36542 
.36569 
36596 
36623 
36650 

36l 
367' 
367 
36758 
36785. 
36812 
.36839 
.36867 
36894' 

.36948 

.36975 
37002 
37029 
370.56 
37083 
37110 
37137 
37164 
37191 

37218 
37245 
37272 
37299 
37326 
37353 
373^0 
37407 
.37^34 
37461 



.93358 
.93348 
.93337 
.93327 
.93316 
.93306 
.93295 
.93285 
.93274 
.93264 
.93253 

.93243 
.93232 
.93222 
,93211 
,93201 
.93190 
.93180 
.93169 
.93159 
.93148 

.93137 
.93127 
.93116 
93106 
.93095 
.93084 
93074 



37461 
^7488 
375i5 
37542 
37569 
37595 
37622 
37649 
37676 
37703 
3 7730 

37757 
37784 
37811 
37838 
37865 
37892 
37919 



.92718 
.92707 
.92697 
.92686 
.92675 
.92664 
.92653 
.92642 
.92631 
.92620 
.92609 

.92598 
.92587 
.92576 
.9«965 
.92554 
.92543 
.92532 



38026 
.38053 
38080 
.38107 
38134 
38161 
38188 
,930id>l38215 
,930^2 39241 



7|W3 
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,93042 

031 
I302D 
.93010 
.92999 
.92988 
.92978 
.9296:^ 
'.92956 
.92945 
.92935 

.92§24 
.92913 
.92902 
.928^2 
.92881 
.92870 
.92859 
.92849 
.92838 
.92827 

.92816 
.92805 
92794 
,92784 
.92773 
.92762 
.92751 
92740 
92729 
.92718 



379461.92521 
37973 ^92510 
37995/.92499 

6^t&88 
' ^477 
:92466 
.92455 
.92544 
.92432 
.92421 
.02410 
.92399 
92388 



38268 

38295 

38322 

38349 

38376 

.38403 

38430 

.38456 

.38483 

.285101 

38537 I 



92377 
.92366 
,92355 
92343 
92332 
92321 
92310 
92299 
92287 
92276 



38564 
38591 
•38617 
3§644 
38671 
.38698 
r38725 
38752 
38778 
38805 

38832 
38859 
38886 
38912 
38939 
38966 
38993 
39020 
39046 
39073 



1.92265 
t.92254 
.92243 
.92231 
.92Q20 
.92209 
.92198 
,92186 
92175 
92164 

92152 
.92141 
92130 
.92119 
.92107 
.92096 
.92085 
.92073 
.92062 
.92050 



.39073 
39100 
39127 
39153 
391^ 
.39207 
39234 



.92050 
.92039 
.92028 
.92016 
.92005 
.91994' 
91982 



39260 .91971 
39287i,9yjjLL- 



39341 

39367 
.39394 
39421 
.39448 
.39474 
39501 
39528 
.39555 
39581 
.39608 

39635 , 
39661 
.39688 
397i5 
397^1 
39768 
.39795 
.39822 
39848 
.39875 i. 

39902 
39928 
39955 
,39982 
.40008 
.40035 
.40062 
.40088 
.40115 
.40141 



40168 
.40195 
.40221 
,40248 
.40275 
.40301 
.40328 
.40355 
,4t)381 
40408 

40434 
40461 
40488' 
,40514 
,40541 
40567 
,40594 
.40621 

40674 



.91936 

.91925! 
s9l914 
.91902 
.91891 
.91879 
.91868 
.91856 
.91845 
.91833 
.91822 

.91810 
91799 
.91787 
.91775 
.91764' 
.91752 
.91741 
.91729 
.91718- 
.91706 

.91694 
.91683 
.91671 
.91660 
.91648 
.91636 
.91625 
.91613 
.91601 
.91590 



91578 
,91566 
,91555 
.91543 
.91531 
.91519 
.91508 
.91496 
.91484 
.91472 

.91461 
91449 
.91437 
.91425 
.91414 
.91402 
.91390 
.91378 
.91366 
.91355 



.4(^674 
.40700 
.40727 
.40753 
.40780 
.40806 
.40833 
40860 
40886 
'.40913 
40939 



.40966-^: 
.40992 
.41019 
.4i045 
.41072 
.41098 
.41125^ 
.41151 I 
.4117-8:. 
.41204 



.91355 

.91343 

.91331 

,91319 

.91307 

.9129^ 

.91^83 

.91272 

.91260 

.91248 I 

.91236 



91224 
91212 
.91200 
.91188 
.91176. 
91164 
,91152 
91140 
91128 
91116 



60 

59 

58 

57 

5# 

55. 

54 

53 

52 

51 

50 

>9 
48 
47 
46 
45 
44 
43 

41 
40 



.41231. 
.4:257 
.4 1284 ^ 
.41310 f. 
.41337 I, 
.41363 i, 
.41390 t 
.41416 
.41443 ., 
.41469 1. 

.41496 

.41522 
.41549 
.41575 
.41602 
.41628 
.41655 
.41681 
.4)707 
.41734 



.91104 39 

.91092 38 

.91080 37 

.91068 ^6 

.91056 35 

.91044 34 



91032 
.91020 
.91008 
.90996" 

.90984 
.90972 
.90960 
.90948 
.90^36 
.90924 
.90911423 



41760 
.41787 
.41813 
,41840 
.41866 
.41892 
,41919 
.41945 
.41972 
,41998 



.90899 
.90887 1 
.90875 

.90863 
L90851 
,90839 
.90826 
.90814 
.90802V- 
.90790 
.90778 
.90766 
.90753 



.42024 
,42051 
.4207; 
,42104 
42130 
.42156 
,42183 
.42209 
,42235 K 
.42262 



90741 
90729 
,90717 
90704 
90692 
90680 
90668 
90655 
90643 
90631 



33 
32 
31 
30 

29 
28 
27 
26 
25 
24 



22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 

2. 

1 
0 



sin* 



C«i{n 



Sin 



Sin* 



C«i{n 



Sin* 



C*iin 



Sin 



*7« 



Note. —For angles of 0 to 45° rejid down with minutes on left-hand side. For 
angles 45 to 90° readoip with minutes on right-hand side. 



X 
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. ' TABLE n. EXTRACT FROM TANGENTS AND COTANGENTS, NATURAL 



/ 


40* 




420 . 


43* 


/ 




Cmtmn$ ^ 


?•«§ 


. C«l«iif 




C«t«fif 


T«Af 


C«(«ftf 




0 


.83910 


1.19175 


..86929 


1.15037 


' .90040 


1.11061 


.93252 


1.07237 


60 


1 


,83960 


1.19105 


.86980 


1.14969 


.90093 


1.10996 


.93306 


1.07174 


59 


2 


.84009 


1.19035 


.87031 


1.14902 


«90146 


1.10931 


.93360 


1.07112 


58 


3 


.84059 


1.18964 


.87082 


1.14834 


.90199 


1.10B67 • 


.93415 


1.07049 


57 


4 


.84108 


1.18894 


.87133 


, 1.14767 


.90251 


1.10802 


.93469 


1.06987 


' 56 


5 


.841^58 


1.18824 


.87184 


1.14699 


.90304 


1.10737 


.93524 


1.06925 


ce 

39 


5 


.842^ 


•4'.18754 


-.87236 


1.14632 


.90357 


1.10672 


.93578 


1.06862 


CA 


7 


.84258 


1.18684 


.87287 


1.14565 


.90410 


1.10607 4 


.93633 


1.06800 




8 


.84307- 


1861*4 


.87338 


1.14498 


.90463 


1.10543 


.93688 


1.06738 


^0 
0^ 


9 


X43S7 


•1.18544 


.87389 


1.14430 


.90516^ 


1710478 


.93742 


1.06676 


CI 


10 


.84407 


1.18474 


.87441 


1.14363 


.90569 


1.10414 


.93797 


1.06613 


3U 


U 


.84457 


1.18404 


.87492 


'r.l4296 


.$0621 


1.10349 


.93852 


1.06551 


49 


12 


.84507 


i 1.18334' 


".^7543 


1.14229 


.90674 


1.10285 


!93906 


1.06489 


4fi 


13 


.84556 


tl.l8i64 


,87595 


1.14162 


.90727 


1.10220 


.93961 


1.06427 


47 

^ / 


14 


.84606 


i 1.18194 


.87646 


1.14095 


.90781 


1.10156 


.94016 


1.06365 


4A 


15 


' *34656, t 1.18125 


(87698^ 


1.14028 


.90834 


1.10091 


.94071 


L06303 


AC 


16 


' .84706 


1,18055 


.87749 


1.13961 


.90887 


1.10027 


. .94125 


1.06241 


A A 


17 


- .84756 


, M7986 


.87801 


1.13894 


.90940 


1.09963 


.94180 


1.06179 




18 


; .8480% 


' 1.17916 


.87852 


1.13828 


.90993 


1.09899 


.94235 


1.06117 


^* 


19 


, .84856 


' 1.17846 


.87904 


hl376I 


.91046 


1.09834 


.94290 


1.06056 


A 1 


20 


1 ,84906 


■ 1.17777 


.87955 


1.13694 


.91099 


1.09770 


.94345 


1.05994 




21 


.84956 


M7708 


.88007 


1.13627 


.91153 


1.09706 


.94400 


1.05932 


39 




.85006 


1.17638 


.88059 


1.13561 


.91206 


1.09642 


.94455 


1.05870 


Jo 


23 


.85057 


1.17569 


.88110 


1.13494 


.91259 


1.09578 


.94510 


1.05809 


3 7 




.85107 


1.17500 


.88162 


1.1342S- 


.91313 


1.09514 


.94565 


1.05747 


3 A 
JO 


25 


.85157 


1.17430 


.88214 


1.13361 


.91366 


1.09450 


.94620 


1.05685 


3^ 


126 


.85207 


1.17361 


.88265 


1.13295 


.91419 


1.09386 


.94676 


1.05624 


34 


27 


.85257 


1,17292 


.88317 


1.13228 


.91473 


1.0^322 


.94731 


1.05562 


33 
J J 


28 


.85308 


1.17223^ 


.88369 


143162 


.91526 


1.0925a 


.94786 


1.05501 


3*7 
J^ 


29 


.85358 


1.17U4 


.88421 


1.13096 


.91580 


1.09195 


.94841 


1.05439 


3 1 
J i 


30 


.85408 


1.17085 


.88473 


1.13029 


.91633 


1.09131 


.94896 


1.05378 


3n 

JU 


31 


.85458 


1.17016 


.88524 


1.12963 


.91687 


1.09067 


.94952 


1.05317 


29 


32 


.85509 


1.16947 


.88576 


1.12897 


.91740 


1.09003 


.95007 


1.05255 




33 


.85559 


hi 68 78 


.88628 


1.12831 


.917^4 


1.08940 


.95062 


1.05194 


* / 


34 


!85609 


146809 


.88680 


1.12765 


.91847 


1.08876 


.95118 


1.05133 


aD 


is 


.85660 


If 16741 


.;88732 


1.12699 


.91901 


1.08813 


.95173 


1.05072 




36 


.85710 


1.16672 


.88784 


1.12633 


.91955 


1.08749 


.95229 


1.0501^^ 






'85761 


l.}66»3 


.88836 


1.12567 


.92008 


1.08686 


.95284 


1.04949 


23 

A J 


38 


V5811 


1.16535 


.88888 


1.12501 


.92062 


1.08622 


.95340 


1.04888 


22 


39 


'i5862- 


1.16466 


.88940 


1.12435 


.92116 


1.08^59 


.95395 


1.04827 


2 1 


40 


.85912 


1.16398 


.88992 


1.123.69 


.92170 


1.08496 


.95451 


1.04766 


2n 


41 


.85963 


1.16329 


.89045 


1.12303 


.92224 


1.08432 


.95506 


1.04705 


19 


42 


.86014 


1.16261 


.89097 


1.12238 


.92277 


1.08369 . 


.95562 


1.04644 




43 


.86064 


1.16192 


.89149 


1.12172 


.92331 


1.08306 ' 


.95618 


1.04583 


1 7 


44 


.86115. 


1.16124 


.89201 


1.12106 


.92385 


1.0&243 


.95673-' 


1.04522 


10 


45 


.86166 


1.16056 


.89253 


1.12041 


.92439 


1.08179 


.95729 • 


1.04461 


10 


•t6 


.86216 • 


1.15987 


:89306 


1.11975 


.92<93 


1.08116 


.9578S 


1.04401 


1-^ 


47 V 


.86267 


1.15919 


:89358 


1.11909 


.92547 


1.08053 


.95841 


1.04340 


1 J 


43 


.86318 


1.15851 


.89410 


1.11844 


.92601 


1.07990 


.95897 


1.04279 


1 2 
1 A 


49 


.86368 


1.15783 


.$9463 


1.11778 


.92655 


1.07927 


.95952 


1.04218 


1 1 
1 1 


50 


.86419. 


1.15715 


.89515 


1.11713 


.92709 


1.07864 


.96008 


1.04158 


1 n 

lU 


51 


.86470 


1.15647 


.89567 


1.11648 


.92763 


1.07801 


.96064 


1.04097 


9- 


52 


.86521 


1.15579 


.89620 


1.11582 


.92817 


1.07738 


.96120 


1.04036 


8 


53 


.86572 


1.15511 


.89672 


1.11517 


.92872 


1.07676 


.96176 


1.03976 


7 


54 


.86623 


1.154^3 


.89725 


L11452 


.92926 


1.07613 


.96232 


1.03915 


6 


55 


,86674 r 


1.15375 


.'89777 


1.11387 


.92980 


1.07550 


.96288 


1.03855 


5 


56 


.86725 


1.15308 


.89830 


1.11321 


.93034 


1.07487 


.96344 


1.03794 


4 


57 


.8(^776 


K15240 


.89883 


1.11256 


.93088 


1:07425 


.96400 


1.03734 


3 


58 


.86827 


1.15172 


.89935 


1.11191 


.93143 


1.07362 


.96457 


1.03674' 


2 


59 


.86878 


1.15104 


.a9988 


1.11126 


.93197 


1.07299 


.96513 


L03613 


1 


60 


.86929 


1.15037 


.90040 


1.11061 


.93252 


1.07237 


.96569 


L03553 


0 


/ 


C«r«n9 






T«n9 


C«t«nfl 


T«nf 


C«(«nf 




/ 




4f* 


48 


0 


47 


o 


44* ' 
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3, SUMMARY, This lesson provided you with a practice treatment of elementary 
mathematics and a discussion with illustri^ve examples of the mathematics involved in 
actual shopwork. If you have mastered this shop mathematics .review you will be proficient 
enough for shopwork applications including equations and formulas, ratio and proportion, 
Square root, linear m-easurernents, area, volume, metric system, angular measurement, 
and solutions^to right triangles. 



XERCISE^ 

26. What is die value of Y in the'equation 4Y -i- 36 = 6Z - 12, when Z = 2/3? 

Ma.' -U ' ' ^ 

• b.' 11 . . • ^ 

- c! 7 ' " • . 

27. If a driving gear that has 39 teeth meshes with a drive^n gear having 26 teeth and 
turning at 510 RPM, what is the RPM of the driving gear? 

a. 170 

b. 340 ' ' ^ 

c. 610 

°28. What is the square of the squar.e root of 225? . 

a. 15 

b. s/TT • 

c/ 225 ' ' 

29. What is the square foot of 7.29? 

a. 2.7 

b. 0.27 , -7 
- c. 2.6 ' * • 

30. The exterior walls of a building 60 feet long and 30 feet wide are to be painted. The 
volume of the building is 18,000 cubic feet. If 10 cans of paint each covering 200 
square feet are purchased, ho-N^many cans will be left when the job is complete? 

a. . 0 , 
. ^b. 1 ■ 

C. 3 - . 

31. ,What is the circumference (inches) of the largest ball bearing that can be machined 
from a 4-inch cube of steel stock? " ' ' • 

a. 12.65 

b. 12.56 ' • . 

c. 6.28 

32. If the diameter of a bearing is 120 millimeters, what is the diameter in inches? 

. . a." 0.4724 , ' ' ' ' 

. *' b. 0. 5724 ^ . ' ' 

c. 4.7244 ' , " 



7j 
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33, If angle A of a trilngle equals 45° 27* 01 and angle C equals 43^43>'04", what is the 

• value of angle B? . 

a. 90^49* 55*^ 

• " 90^ 10' 05*' 

c, 89° 70\05" . " ^ 

Note, - Problems 34 and 35 refer to the following figure. 




34. If side a is 20 inches and angle A is 41° 25', what is the length of side b in inches? 
a. 22.67 >^ 

L 



b. 19-74 

c. 2.25 



35. If side a is . 93 inches and side <r equals 155 inches, how many inches does side b 
equal? 

a. 15,376 

b-. 122 - ' 

c, 124 ' - , ' . ^ ' 
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Blueprint Reading and Sketching 
Three 

After studying this lesson you will be able to: 

1. Read blueprints used in a metalworking 
shop. 

2. Explain how sketches are used for con- 
veying ideas to other people and 
technicians, - ^ 

T^^* - . .Attached Memorandum 

Materiails Required . , None ' 

Sugge3tions _.. . Pay particular attention to the figures provided. 

STUDY GUIDE AND ATTACHED MEMORANDUM 

V . •• ' : \ 

SECTION I. BLUEPRINT READING ^ ' 

1. INTRODUCTION. - , . ' 

a. A picture is worth a thousand4ord^. Man has used pictures as a means of 
c6mmumcation for many years. It would be'alnlost impossible for an engineer or an 
inventor to describe the" size and shape of a sim^ object without a drawing of some kind 
For example, if an engineer designed a simple object such as an oil filter bracket, it would 
be very difficult to conyey the idea to a person who was to fabricate the object without some 
type of drawing to show the size and shape of the Object and the location of the necessary 
holes. ' 

A ^J^'^^"^ sketching is the universal language used by engineers, technicians, 

and skilled craftsman. Whether this drawing is made freehand or by the use of drawing 
instruments, as,in the preparation of a mechanical drawing, it is needed.rto 'convey ^11 the 
necessary information to the individual who will fabricate and assemble the object. It 
makes no difference whether the drawings'are for fabricating and assemblih'g or building 
ships, aircraft, or-^a mechanical device, the need for clear and understandable drawings " 
exists. If m^ny people are involved in the fabricating of the object, copies must^ be made , 
of the original drawing or tracing so that all persons involved will have the same iftfo/ma.; 
tion, *X > 
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2. PRODUCING BLUEPRINTS. - 

a Bibeprints are reproduced copies of mechanical or othe'r types of technical , 
'drawings" A mechanical drawing is drawn with instruments such as compasses, ruling pens, 
T-squares, triangles, and French curves. The prints are reproduced from the ofrigmal . 
drawines ih much the same manner as photographic prints are reproduced from negatives. 
The originll drawings for the prints are made by drawing directly on, or tracing a drawing 
on, a translucent tracing paper Or cloth using black waterproof (India) ink oi; a special pencil. 
This original drawing is normally referred tQ as a tracing or master copy. The copies o£ 
the tracings are rarely, if ever, sent to a shop; rather,, reproductions of these tracings are ^- , 

made and distributed to persons or offices where needfe^..- . - ^ - 

b Blueprints are inade from these tracings. The word blueprint i3 a rather ^ 
loosely u7ed term when dealing ^th reproductions of original drawings. One of the first 
processes devised to reproduce of duplicate tracings produced white tines on a blue back- 
ground, hence the term blueprints. Today, however, other methods of reproduction have ,^ ^ 
been developed, and they p^roduce prints of different colors. These colors ^^^^J 
brown, black, gray, or maroon. The differences lie in the types of paper and the developing 
processes used. * 

c A patented paper identified ao "BW" paper produces prints with black lines 
on a whitl'background. The ammonia process or- "OZALIDS" produces prints with black, 
blue, or maroon lines on a white background. Other processes that may be ^sed to reproduce 
drawings, usually small drawings or sketches, are the office type duplicating machined 
such as the mimeograph and ditto machines. Another type of duplicating process used for 
reproducing working drawings is the^|)hoto static process. This is, in reality, a photographic 
process in which a large camera r-pduces or enlarges a tracing or drawing. The photostat 
has white lines oft a dark background when reproduced directly from a tracing or drawing. 
If the photostated print is then reproduced, it will have brown lines on a white backgrouno. 

■3. ORTHOGRAPHIC PROJECTION. 

Prints that furnish complete information for construiction and repair present 
an object^n its true proportions. These prints are accurate and indicate true shape and 
size. The prints are usually drawn by orthographic projection, which consists of a parallel 
proj'ection in which the proj^tors are perpendicular to-the plane of 4)rojection. ^ 

b The number of views to be used in projecting a drawing is governed by the 
complexii^ of the shape of the drawing. Complex drawings may be drawn showing six views; 
namriy, top, bottom, left side, front, right side, and *ear. Figure 1 shows an object 
placed in a transparent box hinged at the edges. The projections on the sides of the box are 
Sie views seen by looking straight at the object through each side. If the outlines scribed 
on each surface and the boic is opened as shown in figure 2. the result is a 6.view orthographic 
projection drawing as shown in figure 3. It will be helpful to study these three figures and 
try to mentally .picture the block as it is uiifol.ded and layed out in figure 3 As a genera 
' rule, you wiU find that most drawings will be presented in three ,views, although you will 
occasibnally see a 2-view drawing. This is especially applicable to cylindrical objects. 

•c. A 3-view orthographic projection drawing will generally' show the front, top, and 
-rieht side* Figure 4 illustrates how thefie views are seen by the draftsman. By referring 
back to figure 3 and eliminating the rear, bottom, and leffside views, the drawing ia changed 
from a 6-view drawing to the more conventional 3-view drawing. The completed 3-view 
drawing with dimerisions is shown in figure 5. The arrangement of thflhree views should 
be stuSed. The front view is the starting point since it shows the most characteristic feature 
of the object-the notch. The right side or end view is projected to th^ right of the front view. 
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It should be nbtc^ that all .of the horizohfal outlines of the front vi^w are exten^^f^d horizontally 
to make up the side*view. After you study each view'of the object,^ 'you should ,b'e able to . 
visualize the abject as it appears in figure 6. In order to clarify^ tiie 3-view cfrawing further, 
think.of the object as being imnidvable an^-that you are moving around it. Thi.8 will help ' 
you to relate the blueprint views to the appearance of the object concerned; / , , 





Figure 1. Visualizing six views. 




Fighre 2.* Opening the six views. 



J ■ 




o * 



FigAir«L 3, A six-view drawing. 





> 
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4. .PICTORIAL DRAWINGS, The purpose of a pictorial drawing is, to show the general 
location, function, and appearance of parts and assemblies. There are three common types 
of pictorial views drawn by draftsmen. They are perspe'ctive, isometric, and oblique. 

. a^." Perspective drawing. Perspective, or central projection, excels all other 
types of px^jectnLpn in the pictorial representation of objects. It is eddied the geometry of 
photography, to which it is closely related, and is the type oX drawing used for ordinary 
illustrationj^pk. It may be a simple outline drawing, or it may be an actual photographic 
reproductid^^nth infinite detail and blending of light and shade. It is a drawiD^^ of an object 
as it appears to the. eye of the draftsman,. On first thought,^ this would seem to be the ide^l 
form of drawing, but such is not the case. It is defective from the standpoint of showing 
how an article is to be constru9ted. This characteristic niakes it of little value as a plan 
for a workman tp. work from (fig 7 and 8). 




Figure 7. Perspective dravHng with one vanishing point.. 




4 
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?^<3iiietric df awing . The isometric drawing is^the most commonly used and 
the mo«t useful in tTiaViiig freehand sketches. In an isocietric •drawing, all lines that are 
parallel oxx th'e'object are al^o parallel on the drawing. Vertical lines are shown in a 
yerticai pq«ition; feut lines reprft^enting horizontal lines are drawn at^an angle of'30° with 
tlie horizontal. r Also, on an isometric, drawing, all. lines iyhich represent the horizontal 
a»d vertical lines' on an object have true ieogth. . Due to the fact^that all isometric lines are 
spread equally (120°), the same scale of measure. is- used oh the three visible sides. * 
Isometric drawings (fi'g 9) niay be diqiiensioned and blueprints of these drawings may be 
used for making sipiple objects. It is extremely difficult to 'Ui^ isometric, drawings alone 
for complicated parts or structures. It has been found, hoWeyer, that isometric drawings 
may be effectively Ms ed as an aid in clarifying the orthographic drawings that are the 
foundation of all blueprints. ' ' . ^ 




£. Obtitque OTawing/ In 
I is shown in its true size and jsha 
lines of th^ other two sides s 




ure 9. Isometric drawing* 



I 




n oblique drawing (fig 10), the front face of the object 
as if it were an orthographic drawing. The receding 
are then drawn obliquely at any angle. ^This ^jigle is 



usually 30 , 45°, or 60° to the^ii^rizontal. ' The measuring scale for thi oblique sides may 



be any selected scale to jgive the object realistic depth. This i^nor 
the icale of the froni view. * • ^ . 



normally three-quarters of 
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S SPECIAL VIEWS. In ma^y complex objects' it is often difficult for draftsmen to 
.how ;rue size and shapes of an- object orthographically. Therefore, the draftsmen must • 
use some other media to give- the engineer and craftsman a clear picture of the object to be 
•co.h8truc6^ Included in.these media are auxiliary views, details, section views, phantom 
views, exploded views, and developrnents. 



. a Auxiliai-y views. An auxiliary view is often necessary to clearly show the 
true-shapl' and lengih of inclin'ea surfaces or other features which are not parallel to a„y 
of the principal planes of projection. An example of this is shown in figure II. If the - 
front and bottom views wexe th^ only ones shown, it would be .impossible to determine the 
size and shape of the cutouts in 'each end. For a case like this, the draftsman would use 
.the auxiliary view to Show the tme shape and sizd. ■ These views are obtained by looking^ 
directly at the inclined surfaces! v 1 




TIT 



AUXILIARY VIEW 



I . I 

■ I ' 




AUXILIARY VIEW 



FRO^^■ VIEW 




-(zy- 



' ■ BOTTOM VIEW 

Figure 11. Rlrght and left auxiliary' views. 

b Phantom views, ^hanfom views are used to indicate the alWte position of 
- part^-.,f the item drawn, repeated details, or the relative position ^^.h'^^^^ 

Figure 12 shows a phantom view-of a part.in the alternate position. Th^ is shown as the 
• part to the left of the figure. , ' 




Figure 12. Phaiitbm. views . 
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Section views . Section views* are used to 'give a clearer view of the interior 
or hiddenjeature of an obje^;f which pormaflLly^cannot be. clearly observed in conventional 
outside viewi. This^e^of view. is- 6b#i)fe,^>y'^ during away part of an objedt to show the 
.shape and construction At the cutting .t)teneV*"'When -se^tip^ drawn, the part that 

is^cut by the cutting ptabe ns Marked with diagona'UpataUel.s/^iipn fines. .To the draftsman. 
this is known as^crossh^^hing. When two'cr mAre parts are shown in one view, eiefcnaft' 
ia secti6ri6d or cros«hat^h^d with a different ^lant line. -The section view^^are neces^^^ry . 
for a clear undgr^ta^^ding oXcomplicated Jiarts and for some simple drawings--a section 
. may serve the purpose of in ^ditional view. Figi^re 13 shows an exjam{)le of ^fuU sectional 
view. ^ Note the, putting plane line, in the top view and the direction of the arrows. The 
direction of these arrows indicates the* particular. part of the object that is shown tn the section 
view. The placement o*f^he top view directly dver and in line, with the section view snould 
also be noted. This placement provides for a better anS more understandable reading of ' ' 
the^ drawing. , . ^ ^ ♦ * 

' . : . ' \ 




1 

I- 



Figure 13. Fair section.. 

(1) Offset section. A section view^which has the cutting plane changing 

direction backward and forward (zig-zag), so ^as to pasa#through features 
that are important to show, .is known as an offset secti\5n. The offset 
cutting plane in figure 14 is arranged so' that the three differ^ent sizes and 
shapes of holes will be shown in the section. 



OS 424, 3^PB 




I 



Figure 14. Offset section. 

(2) Hal If section. A half section (fig 15) is normally used when the object is 
symmetrical in both'^putside and inside details. On^ half of the object is' 
sectioned; th'fe outer half is shown as a standard view. The object in 
figure* 14 is round a*nd if it were cut into two equal parts andvthen those 
parts divided equally*, you would have four quarters. Now remove one of 
the quarters. . This is what the cutting plane line has done in the top view 
of figure 15. This has allowed you* to look tiiWde the object and see the 
shape while still being able to see the configuration of the oulside. It 
must be understood' that if the cutting plane had extended alor g the diameter 
of the cylinder, you would have been looking at a full section The cutting 
plane in this drawings however, extends the distance of the radius, or only 

• half the distance of a full section, hence it is called a half s*ction« 

> ■ • ■ / ■ 

(3) Revolved section. The draftsman uses a revolved section t/o eliminate 
-^xtra views of rolled shape's, ribs, and similar forms. It/is really a* 

drawing within a drawing, and it clearly describes the obVects' shape at ^ 
certain cross section station or point. The revolved sec/ional view (fig 16) 
provides you with a^look at the rib head-on. Due to the yrevorving feature 
of the drawing, this kind of sectionals called a revolveg section* 



"(4) Removed sections. A removed section (fig 17) is no/mally used to 
illustrate particular parts of an object. Il i's drawn/like the revolved 
section with' the exception of it being placed at one yside of the main 
drawing. A removed section is often drawn to. a larger scale than the 
vibw which it indicates. This is done to provide p. clearer and more detailed 
view of the particular object. / * . 



■i 
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Figure 17. < Removed section. * 

\ 

Broken«*out section . The inner structure of a amall area lAay be shown 
by peeling b'ack'or removing the outside surface (fig 18). The details of 
this particular bolt would be very difficult to f ho'w with any oth^r type of 
drawing. i - , 




Figure 18. 3rol<:en-out section. 
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(6) Alined section. When a true sectional view might be misleading; parts 
such as ribs or spokes are drawn as if they are rotated into or out of the 
cutting plane. By looking at .the front :view of-figure '19, it can be seen ^ 
that the cutting plane line AA goes between two spokes in the bottom of 
the view, and splits a spoke at the top*of the vi^w. Section A-A, ho^ve: 
docs not show the true drawing as indicated by the 'cutting plane line. 
If this was the case, the top spoke in section A -A would.b/ii'crosjshatched, 
indicating that^it had been cut in half by cutting plane Jine AA, The |K>p 
spoke in section A-A has been realined fof Ehe.pui'pose of providing^.a* ' 
clearer and more understandable ^ectiotf view.>, 

LINE CONVENTIONS^ : ^. , / 

♦a. , Typea of l ines, 

(1) Ink lines. All ink lines' should be opaque and of uniform width throughout 
Thpre are, three widths of irtk lines used: thin, medium, and thick. The 
ink line widths are in proportions of 1:2:4. The actual width of each type 
of line is governed by the size and style of the drawing. 




(2) Pencil lines/ Pencil lines should bo of jiniform width und should hav# 

the s*ame contrast or degree of blackness throt^ghout the line. Care must 
" be exercised to insure i^t the pencil lines ate iufficiaotly dense to 
reproduce continuous solid lines. 

b. Line characteristics. Cutting and viewing plane lines aye the thickest lines 
on the drawing. The "outline** and other visible lines should be drawn pronunently. Hidden, 
sectioning^ center, phantom, extension, dimension, and leader lines should not be as 
prominent as "outlines." Opaque, black, well-spaced lines and letters should be used to 
insure high-quality reproduction. 

(1) Parallel lines. All parallel lines should be held to a minimum of 0. 03 
inches between lines. 

(2) Center lines. Center .lines are composed of long and short dashes, 
alternately spaced with a long dash at each end. Center lines should 
touch whenever, they cross so as to provide an exa.ct center location. 
W)ienever short center lines are necessary, they may be drawn unbroWsn 
provided there is no confusion with other lines. Center lines should also 
be used to indicate the travel of a center (fig 21b and 22). ^ 

(3) Dimension lines. Dimension lines should terminate with/an arrowhead or 
dot at each end. They should be unbroken except where space is required 
for the dimension (fig 2lb and 22). Additional information concerning 
dimension lines is provided in paragraph 7c. 

(4) Leaders. Leader lines should bp used to indicate a part or portion to 

which a number, note^ or other reference applies, and they should be 

terminated V^ith an arrowhead- or dot (fig 21a and 22). - 

*** ' ^ 

. (5) Break line's. * Short breaks should be indicated by solid, freehand lines. 

For long breaks, full ruled lines with freehand 2ig>»lgs should be used. 
Shafts, rods, tubes, etc, ,having a portion of their length broken out, 
should have the ends of the break drawn as indicated in figures 20 and 21a. 

V 

i(>) ' Phantom lines. Phantom lines are used to indicate the alternate position 
of parts, repeated detail, or :the Velatjve.poBltion of an W 
These lines are composed of alternating one long and two short dashes ^ 
^ evenly spaced with a long dash at each end (fig 21a and 22). 

(7) Sectioftingjines. . Sectioning lines are u*ed to indicate the exposed 

surfaces of an object in a Icctiorial view.. The spacing of sectioning lines, 
may, vary according to the'ijiape and size of the part, but they should ~ 



neyer be closer, than necessary. for clarity (fig^ 2 la and 22). ' - 

(8) Extension lines. These lines are used to represent the surface of an 

^ ? objec^ for dimensioning purpo^fes (fig 2Ibr^'and 22). Extension lines are 

discus sued in paragraph 7'^. * * \ ' . T,' ' 

(9) Hidden lines . . Hiddejn lines^ consist of.short dashes .evenly space<i. These 
lines are ".used to show the'hidden features of a part. They ihould always 
begin and end'with a dash in contact with the line from which they start 
or end, except when such a dash would form a continuation of a full line. 
Dashes should touch at the corners ahd^arcf should start with dashes at ' 

\ the point of tangency (fig 21b and 22). . • . 
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METAL ROD 




METAL TUBE 




METAL BAR 



WOOD 



V 




CABLE 




CONDUCTORS 



D 



0. 



Figure 20. Break lines. * 

. .(10) Stitch linea . Stitch lin^fea should be used to indicate stitching or sewing. 
This line consists of a* series of dashes evenly spaced. Long lines of 
stitching may be- indicated by a series of stitch lines connected by phantom 
lines. All stitch lines should be labeled (fig 21a). 

(11^ Outlines or visible lines, The outline or visil?le line should' be used for 
"all lines oh the drkwijag r^prejsenting visible lines on- the object (fig 2 lb 

• . and 22), _^ - / - .-^ • \ - ^ . - . ^ - 

(12) . Datum lines, Datumlines are used to indicate the position of a datum 

plane and consist of a series of one long dash and two short dashes evenly - 
spaced, unless the plane is established l>y another line such as an outline 
or ^extension (fig la). \^ . 
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(13) Cutting plane s^nd viewing j^lane line. The cutting plane line should 
be used to indicate a plane or planes in^hich a section is taken. The 
viewing plan<^S*^Htfi.^ed to indicate the plane or planes from which a 
surfk.ce or o1>ject is viewed ^flg 21a and 22). ^ 

(14) , Arrowheads^ Arrowheads vary with the size of configuration and with 

the length to width ratio. This ratio is held-to approximately 3 to 1; that 
is, the arrowhead is 3 times as long as it is wide. The arrowhead denotes 
the termination of a dimension and leader line with the tip ending on the 
line to which it is drawn (fig 22). 




LINE CONVENTIONS 



NAME 



LEADER 



' PHANTOM 
OR 

OATUM LINE 



STITCH 
-LINE 



BREAK 




BR£AK 
<SHORT) 



CUTTING OR 
VCWWG ^ 
PLANE . ' 

viEwihid 

PLANE ' 
OPTJONALr 



CUTTING \ 
•PIANE FOR 
COMPLEX OR 
OFFSET 

Views • 



coNvErmoN 



(WOOD) 



ri 
1 1 



I 

J 



description and appucation 



THIN LINE TERMWATEO WITH ARROW- 
HEAD* OR DOT AT ONE END 

USED TO INDICATE A PART. 
OIM^SION OR OTHER REFERENCE 



fcCDUM SERIES OF ONE LONG OftSH 
AND two SHORT DASHES EVENLY SnftfED 
ENDING WITH. LONG DASH 

USED TO INDICATE: ALTERNATE POSITION 
OF RftRTSi REPEATED CETAC OR TO 
INDICATE A DATUM PLANE ' 



MEDIUM LWE OF SHORT DftSHES EVENLY 
SPACED AND LABELED 
USED TO INDICATE STITCHiNG OR 
SEWING " 



THIN SOLID RULED UNE WITH 
FREE-HAND ZIG-ZAGS 
USED TO REDUCE SCE OF DRAWING • 
;«0UIRE0 TO DELINEATE. OBJECT AND 
REDUCE DETAIL ^ 



THICK SOLID FREE-HAND LINES 



USED TO INDICATE A SHORT BREAK 



THICK SOUD LINES WITH ARROWHEAD 
TO INDICATE direction" IN WHICH ^ 
^.SECTION OR PLANE IS VIEWED OR 
TAKEN * * • 



1 



THICK- SHORT DASHES 



^USED TO SHOW OFFSET WITH ARROW* 
HEADS TO SHdW DIRECTION VIEWED. 



EXAMPLE 



r-ix20UNC-28 
\ THD. 





J — \ — : \ — L 




Figure 21a, 



Line characteristics and conventions. 
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LINE CONVENTIONS 



NAME 



CONVENTION 



0|SCRIPTION AND APPLICATION 



EXAMPLE 



VISIBLE 
LINES 



.HEAVY UNBROKEN LINES 

USED TO IMlSlCATEj VISIBLE. 
EDGES OF/ AN ObJeCT 




HIDDEN 
LINES 



MEDIUM LINES WITH SHORT 
EVENLY SPACED DASHES 



USED TO INDICATE CONCEALED 
EDGES 



CENTER 
LINES 



DIMENSION 
LiNeS 



THIN LINES MADE UP OF LONG AND 
SHORT DASHES ALTERNATELY. SPfiCED 
AND CONSISTENT^ IN^ LENGTH 

USED TO INDICATE IyMMEHJY 
ABOUT AN AXIS AND LOCATION OF 
CfeNTERS ^ 




;1 



THIN LINES. -TERMINATED WITH 
ARROWHEADS AT /EACHL END 

: USED TO JNDIMT£ DISTANCE- , . ^ 



#: 


- ^ 









EXTENSfON 
LINES . 



JHIN UNBROKEN LINES " 

USED TO INDICATE E5<TENT OF 
.DIMENSIGKS:.- : ^ 



Figure Elb. Line char^icteristics ^nd.conv^nti^s. 



■i 



pS 424. 3-P16 



APpUGATiON OF LINE CONVENTJONS 

-DIMENSION LINE 



EXTENSION LINE 



VIEWING PUNE 
LINE 




y^ECTION A-A 

^ SECYlON LINES - 



CUTTING PLANC" 
LINE 



CENTER LINE I * 
(PATH OF MOITON) 

LEADER 



PHANTOM tlN£ 



DIMEN.SIONING. 
a, . Definitions. 



Figure 22. Line convention. 



(2) 
(3) 



(1) Allowan9.e. -An allowance is a prescribed difference between the maxir^um 
clearance (positive allowance) or maximum interference (negative aU ^. 
lowance) between such parts. ' 

Clearance, Clearance is the total space between mating parts. 

Dimension. A dimension is a numerical value exjJressed in appropriate 
units of meaaure. ' It is indicated on drawings in conjunction with lines 
symbols, and notes^to define the geometrical characteristics of an object. 

A^) Dimensionfng . ' , * , \ 

^i) Angular di mensioning . ' The angular dimensioning system is a 
. method for indicating the position of a point, line,^ or sdrfaqe by 
means of linear dimensions and angles, other.than 90° angles/ 



Rectangular ,dim>ensionin^. The rectai^ular dimensfoning system 
is a metJioH fbr inidicating^distances,. locations, and sizes by means 
of linear dimensions m^sured parallel to reference lines or planes 
which are perpendicular to each other. ^ 



(5) 



(b) 



Eccentricity. Eccentricity iy"a condition wh<?re the axis of a particular 
feature is parallel tb^^b^ffsfit from, the axis of another feature; or 
where the axis of a rotS'ting part mounted in art assembly does not coincide 
with the axis of the tftirt 'about which it turns. 



OS 424, 3-P17 



(6) Feature. Features are specific characteristics or component porttons 
of a part, which may include one or more surfaces such as hole^, screw 
threads, profiles^ or rabbets^ 

(7.) Fit. Fit is the general term used to signify the range of lo^oseness • - 
"tightness which may result from the application of a specific combina- - 
'tion of allowances or toleranfes in'th'e design of mating parts. 

' • (a) . Actual fit. The actual fit between two or more mating parts is the 

" relation existing between them with respec^'to th^ amount of clearance 
' or interference which is present when they ar^^asserfibl^d. 

(b) Clearance fit. A clearance fit is one having limits of ^ize so ^ ^ 
i," prescribed that clearance always results when mating parts ire 

* , assembled. ' ^ 

(c) Interference fit. An, interference fit is ope having limits of size so 

" prescribed that an interf erence-always results w^en mating parts are 
assembled. 

(d) Transition fit. A transition fit is one-having limits o£ size so 

' " prescribed that eithe*r a clearance br an inte'rf eregce may result 

when parts are assembled. (| ^ 

(8) Inte rchangeability . Interchangeability is a condition of design wherein 
any and all mating parts will assemble and function properly without the 

' need for an>;'part modification at assembly^ 

t 

(9) laterfereng^ . 'interference is the total amount of defor.mation'required to 
force an irhernal member into a smaller external member. 

(10) LimitB . Limits are the maximum and minimum values pre?^bed for 
a specific dimension. Limits may be of size or of location depending 
upon the application. 

(iT) Typical. The term "typical, " when associated with a dimension or feature 
means that this dimension or feature applies to the locations that appear 
to be identical in size and configuration. The tolerance stated for a 
. dimension labeled "typical" also applies to each identical feature. 

Fundamental dimensioning rules . ' . 

(1) Show enough dimensions so that the intended sizes, shapes, and ^locations 
can be determined without assuming any dista-nces. 

' y * 

(Z) State each dimension clearly s>> that it can be interpreted in on|y one way. 

(3) Show the'dtmens^ons between points, lines, or surfaces which have a 
nec<istfary and specific relation'to each or which control the location of 
other components or mating parts. 

(4) SeUct and arrange dimensions to avoid accumulations of tolerances that 
' 'm^y permit various interpretations and-cause unsatisfactory mating of 

parts and failures in use. ^ ^ * 
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• (5) Show ^ch dimension orRy once except when , necessary to clarify a 
sect^'oi <^r view.'. ^ ' * . * ^ * 

(6) When possible, dimension each feature in the view^where it appears in 
profile or where its true, shape dppears. 

£• Pimensipn lines. Dimensions thit. indicate sizes and positions are given as 
linear distances or as angles. -^They may be giVen^with dimension lines and extension lines 
that show their direction and extent, or in thtf form of notes with leaders that direct them to 
a particular -place op the drawing (fig 23). 



r 




(I) 



Figure 23. Ways to indicate dimensions. 

I 

A dimension line^with its arrowheads shows the direction and extent of 
a dimension. Numerals are used to indicate the number of vmits of a 
measurement. If the numerals ai-e in a single line, the dimension line 
should not be broken as shown in a of figfure 24. If the numerals are in 
t\^o lines, lone may be j>lacdd above and the other below the line as shown 
in b joi figure 24. 



.875 ±,001 



.876 

(b) Do not breoK o dimension lint for 
numerois in two lines. 



t 



(o)* Sreok 0 dimension line for numerols 
}n a single line , 

*875 , \ 

+.001 



.875 



Figure 24. Dimension lines. 
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(2) Dimension lines should t,e alined if poBsible. and should be groupe<3 
for unifoVmapoearance; however, wjiere there are several parallel 

dimension line's, the numerals should be staggered to make them easier 
to read. An example of this staggering is shown in figure 25. 



s 




Figure 25. Numerals staggered for clarity. 

d Exten sion lines. It is usually undesirable to terminate dimenSidn lines 
directlv Tt lines that represent surfaces of the actual object portrayed by the drawing., 
?o prevent ii" extension lines areuted to show where numerical or other expressions . 
are intended to apply. 

(1) An extension line that is drawn to an outline representing a surface should 
• Itart with a visible gap from the outline and extend about 1/3 men beyond 
the outermost dimension line (fig 26). 

* (2) Wherever possible, extension lines should neither cross one another- nor 
cross dimension lines. To reduce crossing to a minimum, the shortest • 
dimension line Rarest the outline of the object should be drawn first and 
adjacent parallel dimension linesXn order of their length with the longest 
line being the outermost. Extension lines should not be broken when they 
cross other extension lines, dimension lines:, or object lines. • However, 
should an extension line .cross a dimension line close to an arroVhead. 
'a break in ihe extension line is recommended.* An example of these breaks 
in extension lines is shown in figure 27. 

f 





IfigUre 26. Extension lines. 



Figure 27. Breaks in. extension lines. 
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^ e^. Locating round holes. Figures 28 through 33 illustrate the positioning of 
round holes by giving distances or distances and directions to the hole centers. These 
methods can also btf used to locate round pins and other features of symmetrical contours. 



t 


! : : 1 




1 








-DATUM 



y 



Figure 28. Locating round hol'es by linear 
distances. • 



Figure 29. Dimensions from datums. 
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4 




5 HOLES 

EQUALLY SPACED 




Figure 32. Locating holes on circle by 
^ angular dimensioning. 



Figure 33. '^EQUALLY SPACED" holes in ' 



a line.' 



£. Dimensioning a circular arc. A circular arc \fk dimensioned by giving its 
radius. Where space permits, a radius dimension line is drawn from the radius center, 
with the arrowhead ending at the arc and with the dimension between the arrowhead and *7 
the (Tenter. The numerical portion of the^dimensian should be followed by the abbreviation 
"R. " Where' space is limited, as for a sjmll radius, a leader may bfe us6d. When it is , 
^inconvenient to place the arrowhead between'the center of the radius and the arc. *it may 
be placed outside the a'rC. The center of lh« radius may bef indicated by a small cross to 
clarify the (drawing. Where space does not permit showing the complete radius dimension 
line to flcalV the line may be foreshortened. The portion of the dimension line^ending in 
the arrowhead should be in the radial direction. Examples of this type of dimensioning' are 
shown in figure 34.. , " 



A Fore- 
'thor.lened 
Rodius Moy Be 
Ormensiontd As: 





1^1 



Figure 34. How to dimension a circular arc. 
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8. TOLERANCES AND LIMITS. ^ ' 

a. Limits a*re the maximum and minimum values prescribed for a specific dimen 
sioA. A Tolerance represents the total amount by ^hich a specific dimension ma^^vary; thui 
' the tolerance is the differei\ccf between, the limits. 

. # b. A'loleranc* is expressed in the sarne form as its dimension; that is, the 
tolerance'^on a decimal dimension is expressed by a decimalto the sam^ number of places, 
and the tQlerance on a dimension written as-^ common fraction is expressed as a common 
^ raction' Figures 35 and 36 illustrate five different methods of ex^jressing tolerances. 

\ 



(o) UnilQltrol 



1.876 



+.002^ 



-.001 




' Figure 35. Giving a-tolprance by a plus and , figure 36. Using a combined plus and " 
minus figure. , , sign. V 

• ■ I 

c. Numerals that indicate toUrances should be placed in one of the following • 

way^ ; ' « 

(1) To the right and in line with the dimensional numerals (fig 36a and 36b). 

(2) Below the dimension numeral with the dimension line between (fig 36c). 
1 . >t 

(3) To the right of the dimension numeral with the^plus variation above the 
level of the^ dimension line and the minus va;riation below vt. In this 
method, the .dimension line is not drawn l?etween the numerals indicating 
tolerances (fig 35). / 

d. All limits are considered to be absolute. Dimensional limits, regardless 
of the number of decimal places, are used as if they were continued with zeros. For . 
purposes of determining conformance with limit^/^he measured value i^ to.be compared 
directly with the specified value and'any deviatf(^n, however small, outside the specified 
limiting valuers signifies nonconfornn|Lnce with the limits. ^ 

For example: 

1. 22 means 1. 220.-0 • ' 

• * 1. 20 meams I. 200-0 



1.202 means 1,2020-0 
• I. 200 means 1.2000-0 
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The symbols shown in figure 37 are used :o statfe the geometric characteristics 
that are being tolej^anced. When the symbols are' used, a positional, or form tolerancfe * ^ » 
should be stated by means of the feature contfol symbol illustrated fn figure 38-. The ' ..^ 
^geometric characteristic symbol should &e followed^by the. ]3enmissible tolerance and. in' * 
^some cases, by the modifier^) or (s)* The feature ccfntrol symbol sihould be assodiated ^ 
with the featurefs) being tcTleranced by one of the following ^mAhods* 

^ , ' (1) Adding the symbol to a note pertaining to jthe feature(s). 

(2) Running a leader line from the feature(s) to the symbol. 

: ' ' ' ' , 

(3) Attaching a side, en^, or corner of the control symbol outline box to an 
extension line from the fjsature. . * 

(4) At-taching.a side or end of the box to the dimension line pertaining to the 
feature when^it is cyHndrical. 



c 



— FLATNESS 6 STRAIGHTNESS 
♦ 

^ ANGULARITY - 
JL BERPENOICULARJTY 
|j PARALLELISM 
0 CONCENTRICITY 
TRUE POSITION 
. Cf ROUNDNESS 
•3- 'SYMMETRY 



® 



(MMC) MAXIMUM. MATERIAL 
CONDITION 



(RFS) REGAROUESS of FEATURE 
SIZE 



Figure 37, Geometria characteristic symbols and modifiers. . 
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Symbol* 



X! 



Toltronct 



-^.005 PI A© 



7 



Modifier 



,^9 

9. SYMBOLS. 

Finish maTka. 



Figure 38. Feature control symbol. 



- Finish marks {■>/) are used to indicate surfaces that must be 

finished by machining. This machining provides a better surface appearance and provides 
the fit with clasely -mated parts. In manufactCiring, during the finishing process, the 
required limits and tolerances must be observed. Machined fiftishes should not be confused 
with-finishes of paint, enamef. grease, chromium plating, and siipilar coatings. 

Material symbola. Sectional views may be lined or crosshatched with a 
special line arrangement to indicate the basic kind of material. Some'examples of these 
symbols are.shown in figare 39: hdwever. these symbols are intended for general fdentifica- 
tion only. They do not identify the specific types of materials. The particular type will 
be indicated elsewhere on the blueprint. ^ ♦ 





CAST moN 



STEEL 





BRASS, BfKWZE, 
COPPER,a ALLOYS 




WHITE METAL, ZIN? ; 
LEAt^a BABBIT. 



ALUMINUM 



Figure 39, 



samples of symbols to indicate kind of material. 
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c. Special symbols. There arc some special symbols that truxy be encountered 
and a porlfbn of these are shown in figure 40. ^ere will be others found also; however . 
the *f olio wiijl symbol-s are the. basic ones. It-is \xp to, the individual to leai'n the additional ^ 
symbols as they are applicable to the -particular joo assignment. - > - , ^ 




EUCTRtC WSULATION 




INSULATION. FLEXtt.^ MATEmAL ftft«K 

TME«^»AL ACOUSTICS. 




TRANSflA^ENT MAT- 
EmALS.aASS.ETC 



UQUiCS 



R£0 



8Lue 




GREEH 



BLACK 



WHITE OK StLVEK 




GOLD 



Figure 40. Special symbols. 



10, SCALE. 

a. The scale of the blueprint shoald be indicated in one of the spaces within 
the title blocks. ' It indicates the size of the drawing as compared with the actual siz^ of 
the part. The scale is usijyally shown as I" = 2", 1" = \V\ and 1/2" = I"'. The scale may 
also be indicated as full size, one-half size, and one-fourth size. 

b. If a blue{)rint indicates that the scale is i" = 2", each line on the print is shown 
one-half Tts actual length. A scale showing 3" = I" indicates that each line on the print is ^ ^ 
thr^.e times its actual Tength. 

c. A drawing should show an object or assembly to full size. When the full 
size views are not practical, the drawings should be made to reduced or enlarged scales. 
It'is also desirable, wherever possible, to prepare detail drawings to^the same scale as the 
pertinent subassembly and assembly drawings. In short, the scale is selected to fit the 
object being drawn and space available on a sheet of drawing paper.*^ 



; 



"d. It is important to remember that you never measure a drawing— always use 
the dimensions. This is due to the fact that the blueprints nrtay have been reduced in size 
from the original drawing, and that th^re may be errors in-the actual drawing. Then, too. 
paper stretches and shrinks as the humidity changes, thus introducing ^.nother source of 
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4^ ' SECTION II, SKETCHING 

U, INTRODUCTION, 

a. Sketching is very important to an individual who works with ahy type of 
physical material. You will find that it is the best and, in some cases, the only method of 
conveying your ideas to other people.' It is also helpful wheh you are planning or developing 
your own ideas. 

b. There is no military standard for technical sketching. What information is 
either included on a sketch or omitted is left up to the man who makes the sketch. He will 
include as much information as he feels necessary to serve the purpose foi- which he makes 
the sketch. It should be remembered, however, that all of the information such as dimensions 
or notes should conform to the procedures as presented in the first'section of this lesson, 

£• Mechanical drawings are made with mechanical devices such as a pencil 
compass, triangles, and T-square. A sketch is usually thought of as being made freehand, 
although in practice it may be made on squaired paper or with the help of a rule and pencil 
compass. \ 

d. Usually a sketch is made from an object, but it can also be an "idea'' sketch of 
something you are thinking about, or a combination of both. It can be drawn pictorially, so 
that it actually looks like the object, or it can be an orthographic sketch of the object with 
three 'different views, usually front, side, and top. It can be either ^n,assembly sketch or 
a det^^l sketch. An assembly sketch, as the name implies, will show two or mpre parts 
-farstened together to form a complete unit. A detail sketch will show, in detail, one single 
part of an assembly. . » • 

12. SKETCHING TOOLS, ^ , - - 

a^. Some of the value in technical sketching ability, in addition to the fact that i't is 
an excellent way to present your ideas to someone else, lies in the fact that s*o few tools 
are necessary. If you haye a stub cH a soft pencil (HB or F) and a scrap of paper handy, 
you are r^ady to go. However, a pencil long enough to permit a related but stable grip will 
, improve your sketching. For most sketchings you hold the. pencil exactly as, you do when 
writing. If you are' sketching a circle it may be easier to do so with the pencil below your, 
hand and held against your four fingers with your thumb. 

b^. When erasing is required, the eraser'at the end of some pencils is, of course, 
handy and satisfactory for limited use. The soft end of a pencil-and-ink eraser, however, 
is better, but artgum and pink pearl types of erasers are best; they will do a cleaner jbb of 
removing pencil lines, from paper. 

£. If you should use a pencil .compass, the inexpensive kiad ^sting about^ 
quarter at stationery stores is all you need. Almost, any kind px size/ rule tan be us^d as 
a straightedge. As your ability to sketch improves, you may find thatlthe compass and 
straightedge can bie used less and less until they are no longer needed to produce neat and 
effective sketches quickly. This is the ideal situation which some men rfeach before others. 

d. Just as preparing rough sketches without instruments' saves. time, the use of 
c,ross-*sectiOn^paper saves more time. Cross section^paper is especially useful when 
sketching to scale and is usually ruled into one-inch squares. These squares are then 
subdivided into one^eighth or one-tenth inch squares. | 
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13. .TECHNIQUE OF SKETCHING. ^ • 

• » • 

a. Hold the pencil from three-quarters to an inch from the point.so that you car. 
see what'yo.u are doing.' Strive for a free and easy movement rather than a cramped finger 
and wrist movement. 

* ♦ \ ' 

b. |n freehand pencil sketching, draw lines with a» series of short strokes, instead 
of trying to draw each line with one stroke. Using, short strokes, you can better control^he 
direction of your line and the pressure of your pencil On the paper. 

£. In sketching lines place a dot where you want the line to begin and one where 
you wantTt to eiid. In sketching long lines, place one or more dots between the end dots. 
Then swing your hand in the direction your line should go, and back again a couple of tirpes 
before you touch your pencil to the paper. In this way, you get the feel\of the line. Then 
use these dots to guide your eye and your hand ais you draw the line. i , * ^ 

^d. Vertical lines are usually sketched downward on the pfaper. 'T^he same 
suggestiolis for* using locating dots and free movement of the entire arm apply to vertical 
lines as they do to horizontal lines. Slanting lines may be drawn from either end toward ' 
the^^lJlfer. 

e. Using only horizonti^jf lines, vertical lines, and sianting lines, it is possrble 
to make Tny number of complete and accepta'ble techni'cal sketches, depending, of course, 
on the item or job to be sketched. \ . 1^ ^ 

. ^ f. Keep your freehand. sketch VxeatJ To dp this/'first sketch your lines lightly. 
Lines which are not essential to the drawing can be sketidhed so lightly that it is not necessary 
tb erase them. Essential lines can be darkened by running the pencil over them with more 
pressure after they have been first drawn lightly. - 

♦ * 
£. Technical Sketches frequently include m^ny pij'cles or arcs. You don't need 
to be gifted vnih artistic t^-lent to draw good circles if you will follow these suggestions. 

(1) In A of figure 41 observe howlthe pencil is held beneath the four fingers 
with the thumb. This |/rjp tends to produce a "soft" or "easy" motion 
for sketching I'arge circles or curves and als© makes it pos'sible to sketch 
small circles as shown ir^figure 41B and C. You will notice in figure 41B 
that the second finger re»^ at the center of the circle and forms the pivot* 
*about which the pencil lead can swing. The' distance from the finger tip 
to the pencil lea-d de^e'rmines the radi^is of the circle. To draw .smaller ' • 
circles a somewhat different grip on^the pencil is necessary, as showh 
in C of figure 41, but the 'principle is the same. Figure 41 shows the 
proper way to grip the pencil; figure -fZ shows how to draw the circles 
usinfg these grips. , ^ 




Figure 41. Circles ant(Jarcs. 



1' 
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As yshown at A in figure 42» the fi^^t step in sketching either 'large|br * 

II circles with the holds shownyin'the previous figure is placing, the ' 
s^cohd finger t>n the paper at the cinter.of the propo'sed circle. Then, 
til the pencil lightly touclii^ the«.per, use the other hand to, rotate^ 
the paper tp giVe you a circle thatmay look UK© the one in figure 42S; 
Ta correct the slight error of cloaur^ Whown in C, erase a substantial 
section of the circle and correct it ^Ji^f€^^ shown at thd*right. You 
now have a complete and round circleV, but only with a very light line - 
which must be'xnade heavf%r. Do this\ais shown in B. Notice that you do 
NOT PIVOT on the second finger during this st.ip. You rest your hand 
on its side, keep it within the circle, and trace over the ligh| line with 
your hand pivoting naturally at the wris^* you work around £he circle 
in this way, rotate the'papej^counterclottkwise so that yoqr hand can work 
in the most natural and easy position as whown. WUh the smalle>r circles 
you cannot, ol course, work with'-your halnd within the circle, but the 
same genei^ approach can be used witH success.* 



/, 




/. 



Figure 42. Steps in sketching a circle.. 

(3) Figure 43 shows another method of drawing circles and curves using 
straight lines as'cc^nstruction^nes. First, draw two straight lines 
cro'ssing each other at right angles as in figure 43A. The point where 
they cross will serve as the center of the circle. The four lines radiating 
from this center will serve as th'e radii of the circle. You can use a piece 
. of marked scrap paper to measure an equal distance on each radius from 
the center. Sketch a square, with the center of each side passing through 
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the mark defining a radius (fig 43B). Now sketch in your circle, using 
the angles of the square as a guide ^r each arc. 

(4) In figure 43C and D, four lines, instead of two, are sketched crossing 
each other. The radii are measured as in- Gi^nstructing the oth-er circle, 
but the Square is not added before the circle is' drawn. * 




Figure 43. Sketching circles. 



(5) Figure 44 shows a convenient way of sketchi=ng arcs, tangent arcs, 
and curves by^ blocking them in with •straight lines. 





r 









Figure 44. Sketching curves. 



. 14. Construction lines, ,When yqu are drawing a part, such as that shown in 
figure 45, don4 start at one corner and draw it detail by detail and expect it to come out 
\ with the various elem'ents \n correct proportion. It is better to block in the overall shape 
of the object first {fig 45A). Then draw light guidelines at the^correct Sngle for various 
outlines of the object (fig 45B and C). Finish the sketch by first making an outline of the 
object, and then Rawing in the details as shown in figure 45D. 




15. CURVES OR ARCS CONNECTING STRAIGHT LINES. 

T 

a. ^Some people haye developed the ability to sketch curves and straight lines 
without the use of guidelines. Many of us. however, through lack of interest or practice, 
require some basic guidelines to sketch curves properly. * 

Jb. Probably one oi the best methods to sketch curves, connected to straight? lines, 
can be accomplished by following the 6 basic steps illustrated and explained below: 

(1) Jntersect a vertical and horizontal lin^, lightly. 



(2) ' Mark off; on the horizontal and vertical lines the ^ame distance from 
the intersection (corner). 

1^ 



(3) Draw a light diagonal line through the two points marked. 

--0 • * 




(4) Place an *'X" or a dot (. ) in the exact center of the triangle formed. 



(5) Start your curve from one poijit of the triangle (preferably on the vertical 
line) touching the *'X*' or dot^and ending at the other point of the triangle. 



(6) Erase all the unnecessary guidelines and darken the curve and necessary * 
adjoining straight lines. 



A little practice u^Tng the 6 steps mentioned above should improve your ability to sketch 
curves properly. 

16.- SKETCHING THREE- VIEW DRAWINGS. To make a working sketch, you should 
first choose a clean sheet of plain or ruled paper. Estimate the size the sketch should be, 
and sele.ct the views which will give the best picture of the object. Then sketch the three 
views, leaving adequate space between them for dimensions. When you sketch the views: 



V 



a. Sketch in center lines, as shown in figure 46A. 

b^. Lightly block in the views. 

£. Sketch in the outlines alining them as in figure 46B, 

jd.^ Sketch the details on the surface of the views, 

e. Darken the lines of the finished sketch. 
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£ Use an artgum or a kneaded eraser to e^a^tiie- construction (guide) lines which 
are no longer .necessary, and tauch up the necessary lines which you may h/ve inadvertently 
erased. •' >• i( 



Sketch all necessary extension and dimension lines, 
h. Letter in the dinnensions {fig 46C). 
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Figure 46. Progres s of a. working sketch. 
17. .ISOMETRIC SKETCHING. 



a Not everyone is natutally gifted with the ability to sketch or draw objects 
-exactlv al'they should look. But everyope. with the aid of some basic rules, can help 
Mms U acquire the ability to put on pape. that which he have in mind or may be o serv- 
ing. A decent looking isometric sketch can be drawn by adhering to a few s;rtiple, basic 
rules or principles. 
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b. Select a position (view) that will show the object to the best advantage. You 
will know what you want irvcluded in your sketch, so move either'the object or yourself until 
you can actually see everything you want to show. If the object is something you have *'in 
mind" or if you intend to sketch an isometric view from an orthographic arawmg, you witl 
have to visualize the object and assume a viewing position. Remember in making you^ 
isometrhc sketch, ybu start by sketching 3 isometric axes 120 apart, using two angles of 
30° and a Jvertical axis of ^0^. * ^ ' ^ 

'>> 

* £. Figure 47 shows in a step-by-step procedure the technique used in making 

an isometric sketch of a wooden rectangular block measuring 1-1/2 x 3 x 5 inches. 

d. The first step is to sketch the three isometric axes, as mentioned ear lilr. 
-The second step is to mark off the 1-1/2 inches for height on the vertical axis, the 3-inch 
width along the left axis, an$i the 5-iach length along the right axis. The third step is to • 
draw two vertical lines 1-1/2 inches high, starting with the*marks^on the right and left axis. 
The fourth step is to sketch parallel lines from each of the marks on the sketch. Note that 
the lines that are parallel on the object are parallel on the sketch. The fifth step is to 
dimension th? sketch. The dimensions on an isometric sketch are placed parallel to the 
ends of edges. The final step is to check the sketch for completeness and accuracy. ^ 

e. It is important to remember that circles appear in the isometric as ellipses 
i&nd that the major axis of the ellipse is always at right angles to the shaft or rotation axis. 
Thus, the minor axis coincides with the shaft or rotation axis.^ 



0 LAYOUT AXli 


^AUONO Axes 




0 oiMC«sio»iiHa 











Figure' 47. Steps in sketching an isometric drawing. 

^SECTION m. CONCi^USION 

18. SUMMARY. The primary types of.mechanical drawings used for blueprints have 
been described with emphasis on orthographic drawings from which most working blueprints 
are feproduced^ This lesson has endeavored to teach you how to read blueprints through^ 
visual identification of. lines, symbols,' etc, how to perform layout on stock from blueprints; 
and how to draw a sketch of ^n object that can be interpreted by an engineer or draftsman ^ 
in order to produce a mechanical drawing. 
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37. What letters m the orthographic views represent surface "A" of^e isometric drawing 

a. G and H 

b. M and L ' 

c. nUnd R t * ' » 

38. What is the dimension "Z?" 

a. 1/2 

b. .1 . . 

c. 1-1/2 ^ , ^ . ' 

39. What letters gi the orthographic views represent surface "C" of the isometric 
drawing? * 

, ' a. Gand-y , ^ 

b. J and 1 

c. R and H 

40. Whabis the overall height of-the jig block'^ 



a. 1 

b. 1-1/2 

c. 2 \ 



7. 



•4*1 • What surface on the side view is represented by "E" in the isometric drawing*^ 

a. T • 

b. U 
C. N 

42. What is the dimension of '*Q*' in the side viewl* 

; 

a. 1/2 ' ' . ^ ' 

b. 1 > 

c. 1-1/2 , 

43. What letters denote ext'ensioa lines^ 

a. * rinJw^. 

b. 0 and Z •^^ 

c. P and S 

44. Wha^ IS the overall length of the jig block*^ 

/ 

a. . 1 ^ * . 

b. ' 2 

c. -3 . , 

45. What letter in the front view den^^tes an outline or visible line? 
a. M ^ _^ 



c. -O 



''1 
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46. Which type of drawing is .NOT considered to be i p^'ctoriaP * 

a. Orthographic 

b. Perspective ' ' • ' 

c. Isometric , 

47, What type of drawing is most commonly used in' making fr^jeiiand sketches? 




a; Orthographic 

b. Pei-spective \ 
c* Isometric n 

48. What type view is used to indicate alternate positions of parts K^i the item drawn? 



a. Auxiliary 

b. Exp^ded 

c. Phantom 



49. Which type of sectional view shows the inner structure of a small area by removing 
the outside surface. 



a. Broken out section 

b. Revolved section 
c^ Removed section 



50. Which type fit is described as one having limits of size so prescribed that either a 
^ clearance or an interference ma^ result when parts are ass^mbled*^ ^ 



a. Actual 

b. Transition 

c. Clearance 



51. A circula'r arc is dimensioned by g^^g its 
a. diameter, 

b* length. > 
Cy radius, 

32. The total amount hy which a specific dimension may vary is knov/n as its 
a, tolerance. 

. b« variance, . ' ^ 

c. Umit. • ' 

53. What does the symbol (O) indicate*^ 



a. Concentricity 

b. Roundness 

^ c. True position 
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5*4. What, type oi surface finiakh is indicated ^ the symbol {s/)7 v 

a. Chromium plated 

b. Machined ^ 

c. Greased 

+ 55. How far above the horizontal should the two outside isometric axes "fe^sk etched? 

• V a. 30° ' . ' • 

b. 60° 

c. 90° 



\ 
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LESSON ASSIGNKtENT SHEET 

Ordnance cojurse No 424. « Machine Shop Practice 

Lesson 4 ^ Handtools, Measuring Instrunnents , and. 

^ ^ ^ ' Basijc Metalworking Machines 

Credit Hours Foui- 

LessorT'Objective . . . . w After studying this lesson you will be able to: 

1. Id^i^fy and describe the uses and care 
» ' of handfools.^ 

• I 2. Use measuring instruments common to 

^ machine shop practice. 

, 3. * Discuss the characteristics and uses of 

\, , the basic metalworking machin>es to in- 

^ V jclude hand and ben^h grinders j portable 

'electric drills, driU presses, and 
I ^ * portable hacksawing machines. 

Text ' ,r • , Attached Memorandum 

Materials Required ^ None' 

Suggestions ^ Visit an industrial plant or technical or ^ 

. vocational high school and obser-^^e the scope 

of this lesson. 

- 

STUDY GUIDE AND ATTACHED MEMORANDUM 
y SECTION I. HANDTOQLS * 

1. iNTRODirCTION. The following parj.graphs discuss some of the more Q^nmon 
handtools used by machinists. Additional coverage will be provided concerning'me care 
and use of these handtools. As your knowledge of these tools increases, so will the pro- 
ficiency qf youf sho*p. The job that will leave your shop will b^ of the highest quality be- 
cause of the correct maintenance supervision given to the equipment vinder your control. 
Tools are one of man's greatest assets. The proper use of th'em makes all jobs easier. 
Of all tools, however, the mo4t valuable and versatile is man's own hands. The skill of 
the hands can be increased and its power multiplied by the use of an endless variety of 
other tools that man has been designing and improving since the beginning ofltime. Those 
who use tools all through life should acfquire a great deal of pride in the ability to use them' 
well. . • / 

2. MACHINIST'S HAMMERS* Machinist's hammers are used primarily by people 
who work with metal or around machinery, and may be divided into two classifications: 
hard-face and soft-face. 

* * ' ' OS 424, 4-Pl 
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a. Hard>face hammers . * , ' ' 

(1) The hard-face hammer i4 made' of forgec tool dteel. The best general 
purpose machinist's hammer is ;he bail-peen hammer (fig 1). The flat 
end of the hea^i is called the face and is used for -.rxost o: the hammerinc; 
jobs you will have. The other end of the hammer i3 called the peen and 
smaller in diameter than the face. - It is, therefore, useful io: striking 
areas that are too small for the lace to enter. JIUie peen is also useful 
for bidding rivets. *^ 




} 



Figure I. Machinist's ball peen. • • » 

(2) Ball-peen hammers are made in 'different weights , usually 4, o, and 
l2'ounces, and 1, 1-1/2, and 2 pounds. For moFt ^"Ork a 4 - 1 /2 -pound 
and a 12 -ounce hammer will suffice. However, a 4- or 6 -ounce hammei 
will often be used for light work. There are "ariations of the peening - 
hammer such as the cross-peen and the strai^ht-pijen (fig 2 and 3). 



/ 




Figure 2. Machinist's cross peen. 



Figure 3. Machinist's straight peen. 



b. Soft fac^d hammers. Wooden -hand led, soft faced hammers (fig 4, 5, and 6) 
are used for striking heavy blows where the steel faced hammers wuald bruise or raer the 
surface of the work. The soft faces are made ot rubber, wood, rawhide, copper, lead, or 
plastic, <^ and the head may vary in weight from 6 ounces to 6 pounds. The .Army Supply Sys 
tern issues a 3-poupd copper hammer and several inserted plastic face hammers. The ' 
plastic face hammers are supplied with two soft, medium, two tough, and two nylon 
replaceable faces. 



4} 



Figure 4. Copper hammer. 




Figure 5. Plastic face hammer. 




Figure 6. Rawhide maUet, 
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c. ' Correct uae of. hammers. 



(1) Simple as the hammer is, there is a' right and wrong way of using it ' . 

. . (fig 7). The most common fault is holding the handle to<> close to the * ^ 
head. This is known as choking the hammer and reduces the force of the 
blow. It also makes it harder to hold the head in an upright position. . ' . 
Except for light blows, hold the handle cl9se to the end to increasf the * 
lever arm and produce a more effective blow>. Try to hit the object with 
the full face of the haminer. Hold the hammex at such an jungle that the 
face of the l^mmer and the surface of the object being hit will be parallel. * 
Thi9 distributes the force of the blow over the full face and prevents damage 
to both the surface being struck and the face of the hammer. 




/ 



Figure 7. Right and wrong way to use a ball-*peen hammer. 

(2) Never strike a hardened steel surface with a hammer. This misuse is 
a serious safety hazard. Small pieces of sharp, hardened steel may 
break from the hammer and also from the hardened steel. Besides causing 
damage to the work and/or the hammer, a serious eye injury may result. 

(3) Do not use a hammer handle for bumping parts in assembly, and never 
;ise as a pry bar. Such abuses will cause the handle to split, and a split 
handle can produce bad cuts or pinches. When a handle splits or cracks, 
do not try to repair it by binding with string or wire. ' Replace it. 

d. Maintenance of striking tools . Hammers, sledges, or mallets should be 
cleaned and repaired, if necessary, before they are stored. Hammer and sledge ^aces 
should be free from oil or other material that would cause the tool to glance off nails, 
spikes^ or stakes. The. hammer heads should be dressed to remove any battered edges. 
Inspect the handles of striking tools and make sure they are secure to the head and do 
not have any cracks or splinters. Never leave a/wooden or rav^ide mallet in the sun, 
as it will dry out and may cause the head to crack. A light film of oil should be left on 
the mallet to maintain a little moisture in the head. 
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3. WRENCHES. , , 

* General . 

, * A wrench is a basic tool that is used to exert a twisting force on boltheads, 

nuts,, and studs. The special wrenches designed to do certain ;jobs*are, in 
* o most cases, variations of the basic wrenches that will be describ'ed in this 
section. 

^ . (2) The size of any wrench used onr boltheads or nuts is determined by the size 
of the opening be'tween the jaws of the wrench. The opening of a wrench is 
manufacturered slightly larger than the bolthead or nut that it^is designed 
•to fit. Hex-nuts (six sided) and heads are measured acros*s opposite flats. 
A wrench that is designed to fit a 3/8-inch nut or bolt usually has a clear- 
ance of from 5 to 8 thousandths of an incji. This clearance allows the 
wrench to slide on and off the nut or bolt with a minimum of "play. " If 
wrench is too large, the points of the nut or bolthearf will Ije pounded 
^and destroyed. » ' ^ 

^. Open end wrenches . Open end wrenches (fig 8) are usually double ended, 
although some have a single opening. These'wrenches are forged from chrome- vanadium 
steel and heat tteated. The size of the opening between the jaws determines the size of the 
open end wrench. For example, a wrench, with a 1/2-inch opening in .ofae end and a 9/16- 
inch opening in the'other end is caUed a 1/2 by 9/16 wrench. The size of each opening is ^ ' 
usually stamped on the side of the wrench. Open end wrenches are made in many different 
sizes. Wrench sizes range upward in steps of 1/32 inch, starting with 5/32 inch up to 1-3/4 
inches. The common open end wrench is made with the ei^ds at an angle of 10^ to 23^ tolthe 
body of the wrench so that the user can work in close quarters. Other special open end 
wrenches may have the ends at an angle of 45°, 60^, 75°, or 90°, or a combination^ of two 
angles. The length of the wrench is determined by the size of the opening, since the lever 
M advantage of the wrench is proportional to its length; wrenches with la^rger openings are 
made longer and heavier to increase leverage and strength, " 
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Figure 8. 



c." « Box end wrenches 



(1) 



\ 



(3) 



(4) 



(5) 



(6) 



(V) 



Bo;c end wr^enches (fig 9) have either 6, 8, 12/ 16, points inside the 
head. The number of points determine the strength of the head. Six and 
8 point wrenches are used for heavy du.ty, 12 for medium duty, and 16. for 
light dut^ work. Th^ 12 point box end wrench is the most common and can 
be u^ed with a minimum' swing of 30^. 



(2) 



There is little chance of the box end wrench slipping otf the nut when the 
proper size wrench i,8 used. ^Because the sides of the "box" x>pening are so 
thin, this wrench is" suitable for turning nuts which are hard to get at with 
an open end wrench. The offset box end wrench is especially useful in this 
respect. ' ' ^ ^ 

There is-one disadvantage to using box end wrenches. You lose time if 

you use it to turn the nut all the' way off the bolt once it is broken U)Ose. 

You must lift the wrench completely off^ the nut afteT^ach pull, then place 

it back on m another position. The only time.-this procedure is*^ot necessar^^ij^ 

is when theje is^ room to spin the wrench in a complete circle. 

After a tight n^t is broken loose, it can be unscrewed much more quickly 
with- an open end wrench than with a box wrench. This is where a combin- 
ation box-open-end wrench comes in handy. You can use the box end for 
breaking nuts loose pr for snugging them do%\Ti, and the open end for faster 
turning. For heavy-duty work, there are long-handled, single, box end 
wrenche^. They are made only in the larger sizes and you can apply all the 
pressure you need. - , ^ 

The correct u&e of op^n end and box end wrenches calK be summed up m a 
few simple rules, most important vOf whicFNis to be sure that the wrench 
properly fits, the nut or bolthead. When yoit have to pull hard on the wrench, 
as m l^oosfeniSi^a tight nut, make sure the wrench is seated squarely on t 
f the nut. PULL on the wrench— DO NOT PtJSH, Pushing a wrench 
od way to skin your knuckles if the wrench slips or the nut breaks 
nexpectedly, ,If it is impossible to pull the wrench, attd you must 
do It with the palm- of your hand and hold your palm open. 

Only actual practice will tell you if you are using the right amount of force >^ 
on the wrench. The best Way to tighten a nut is to turn it until the wrench / 
has a firm, solid "feel. " This v.ill turn the nut to proper tightness without 
stripping the threads or twisting oif the bolt. This "feel" is developed by f' • 
experience alone. Practice until you-have mastered the "feel. " 

Hammering on wrenches is strictly, taboQ — with one exception. . There is 
a special tyjpt of box wrench made* strong and heavy so that you can hammer 
on it. The handle is short and has a steel pad on which the hammer blows 
are struck. This wrench is known as a "slugging" or "striking" wrench. 
Never place a piece of pipe over the handle of a wrench to increase leverage. 
This practice will damage thp wrench arfd>or the nut or bolt that you are 
trying, to tighten or loosen. 
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Figure 9, Box and combination vrenches. 



d. Adjusta^ble wxegches. 



(1*) Single open end wrench. The single open end adjustable wrench (fig 10) is 
similar Tn shape to the fixed end nonadjustable open end wrench, but has 
one adjustable jaw ^nd one stationary jaw. The adjustable end wrenches 
issued by the. Army Supply System have 1-3/8- to 2-7/3-inch jaw openings 
and are 24 inches long, A knurled nut is rotated to bring the movable jaw 
up to fit the nut or bolthead. ' 

(2) Auto and monkey wr-ench . The auto and monkey wrenches (fig !0) are 
similar in design. They aj:eof sturdy construction and are made to fit 
a wide range of nuts and bolts. They are designed principally for 
turning odd sized nuts or bolts which the ope'n end, box, or socket wrenches 
will not fit, and when work requires a sturc'y wrench. 

f3) Pipe. The adjustable .pipe wrenchjfig it) ha's two jaws thafare not 

parallel. The outer jaw. which is adjustable, is made with a smal] amount 
of play that provides a tight grip o^n the pipe when the wrench is turned 
in the direction of the movable jaw. This is the only Wrench which will 
take a bite on round objects. The jaws always leave marks on the work 
and sliould never be used on nuts or bolts, unless the corners have been 
rounded so that you dlnnot'*l^rn it with^another type of wjench. 

■• r / . ' ■ 
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Figure 10. Adjustable wrenchei, 

e_. SrocUet wrenche'g. The common socket wrench (fig 11 thru 14) is boxlrk^ and 
made as a detachable socket f^r various types of handles. A socket wrench se^j^soally 
consists of various sized sockets, a ratchet, a sliding tec bar, a speeder, a speed tee, a 
ratchet adapter, a nut spinner 4-?/8-l»nch drive handle, and cxterisibns. 

(1) Socket wrenches have two openings— one a square hole which fits the ' 
handles and the other a circular hole with notched ■sides to^fit the bolt 
or screw head or nut to be turned, * The square hole is made 1/4, 3/8,' 
1/2, 3/4, or 1 ii\ch in diameter; each must be driven with the matching 
drive or speeder handle. The notched opening of the socket may have 
6, 8, or 12 points. 

* - *^ 

(2) Socket wrenches are the fastest wrenches to use, since the ratchet 

handle permits the socket to remain on the nut or bolt and the, handle 
does not have to be removed from the socket for turning* Socket wrenches 
are sized from 5/32 to 3-1/8 inches in steps of 32ds, l6ths, or §ths of an 
inch. Some socket wreoches are not detachable and arc of one-piece 
construction, such as the four-way socket wrench and the 90^ offset 
V. handle. Other socket wrenches are. of the screwdriver type, having a 6 
pointed or a square socket. These m^ty be straight or offset and have a 
T-type or regular screwdriver handle. " 
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Figure 12. Socket wrench ratcliors, handles, and extensions. 
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Figure 13. Special socket wrenches. 




(3) T'vo types cf stud ren.v.ver sockets are avails cle that ire Ubed wuh any 
3/n-inch square drlvt' scd-'et v^Tonch handle. C^.ie type.};af z.n eccentric 
cam Ah: tries soft t/r r.-iTdr*n.jc^ studs. Fht ^^rw^^n^ *hank ^xten^is 
through ?Joth sides of't-^e housing -o oroviJe a ocaririg surface on each 

^/ side of the cam and prt*v -nt bin ling. The ch.l type h? s .a capacit/ o: 
1 / 4 ;o 3 ;4 inch. 

(4) The hea- y-dutv, wedge-type, stad reir.over sccV'et works on the.v/ecge 
, principle and tai^os a jjositive grip whi<-:i can be released only when the 

tool is turned in the re-.'erse direction. Two sizes of a^tcel wedges are 
included with th.e soc'^et. This type hals a car^citi c: - 16 :o 1 inch. 

f. TQrque wrenclies . A tor\ae wcench ffig 16) is used tor work '•ecuiring a 
p'afticuTaT force (torque) to tighten bolts, r.uts, caps crews, etc, to a desij-eu degree of 
pressurer — ffaial or scale calibrated in root-pounds or inch-pojands m^'.icateb the decree of 
torque nlaced on the 'vork The pointer moves to the right or left of zero depending on the 
bolt (lott- or right-hand tnrr^ad:*) beir*4 t*jil.*cned. These wrenches are xsbued in :;i-'/eraI 
sizes;' they may have a I '4-, 1'2-, or 3 '-•inch square drive to rec»?ive socket wre/.ches, 
and capacity may vary according to rifr'^e'", A. torque wrench ►enables you to up a n "t ^/r 
bolt when the force. applied to the har.dU- reaches tlie specified limit. Manutscturer s 
instructions specify these limits of turiiLne f^^rce. Cylinder head nuts and bolts, roc 
bearing caps^ and other pi.ices on autoji.t.tive an'. i>:rplane engmet us^-.a'.U' require- torque 
wrench limits. - ^ 

£. Care of wrenches. Clean all wrenches after use. Apply ch;n film of cil to 
metal parts of all wrenches prior tc storing. \('renv.hes that come m sets, such as socket 
wrenches*, should be returned to their case^ after being used. For lone periods cf storage, 
the Wrenches should be covered with a rust-preventive compound and carefully stored in a 
dry place. ' The torque wrench, in particular, must be carefully placed m its box to prev-ent 
dannage to the dial or scale. ' 




Figure 15. Torque wrenches. 



h. Nonsparking v/renche^g . Ncnsparking wrenches are wrenches that will not 
cause sparks to be generated when 'vorking with sceel nuts and bolts. They are generally 
/nade from a copper alloy^fbronze), however, they rhay, be made 'from other nonsp.arkihg 
materials. Monsparklng wr<*nches must belused in areas where Hamr^.able matarials are 
present. These tcols are used extensively when workii.g around gasoline carrying vehicles^^ 
and when working around aircraft. 
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K Rules for wrenches . There are a lew basic rules that you should keep in 
mind when using wrenches. They are: * ^ 

(1) Always use a wrench that lits the nut properly. 9 

(2) Keep wrenches clean and free from oil. Otherwise they may slip, 
resulting m possible serious injury to ypu ojc damage to the work. 



(3) 



(4) 



Do not increase the leverage of a wrench by pla,cing a pipe over the 
handle. Increased leverage may damage the wrench or the work. 



i- 



Provide seme sort of kit or case for all wrenches. \Return them to it 
at the completion of each job. This saVes time and trouble and facilitates 
selection of tools for the next job^,. Most important, it eliminates the 
possibility of leaving them where they can cause injury or danaage to men < 
or equipment. \ 

(5) Determine which way a nat should be turned before trying to loosen it. 
Most nuts are turned counterclockwise for rertioval. This may seem 
ob vious, bv;t even experienced men have been 'observed straining at the 
wrench in the tightening direction when they wanted to loosen it.- 

(6) Learn to select your wrenches to lit the type of work you are doing. 

4. z ILES. Files arc used for catting, smoothing off, or removing small amounts 
of metal. Files are made in %'arious lengths, shapes, and cuts, and spacing oftheir teeth. , 
Every file has five parts: the point, edges, face of cutting teeth, heel or shoulder, and 
Ung (fig 16). ^ 




a^. Types of files , t ile teeth characteristics. 

. (1) Single cut. Singly cut files (fig 17) have a single set, diagonal row 
' of'teeth. The teeth ire parallel to eaqh other throughout the file^ 
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(2) D ouble cut. Double cat fiies (tig r^Ve two sets t ui^gnnal rows 
ci teeth. The tirst set of *-ceth is cb.I!ec the uvercu:. Ozi tht too oi 



the overcut set, a second set is raado CiO^sin^ the ^ 



it. 



. ne-sec 



set is called the apcuc and is not as coarse or as -^e^p a« ove£cur 




LARGS TEETH 



StCCSC CUT 



DEAD S^/OC^H 




TYPU Of CUTS 

Figure 17. 



SPACING OF TUTU 

File teeth cr a r? cteristics , 



(3) Raso cut. Rasp cut files (fi^7) a,re made by a single pointed tool or 
punch which forms each short^tooth separatel/. Teeth a.re formed 
consecutively, side by side, to lorin a line or a row ot*teeth. 



b. ' File teeth spacing . The number of teeth per inch spacing (fig 17) var*es 
slightly with the make of file. The spactna also changes ^vith .the file lengch, increasing 
proportionately as the length of the file is ;ncreased. .\ file rr.ay have a rough, coarse, 
bastard (medium coairse), second cut, smootii cut, and dead smooth grade teeth. _ For 
fast removal of metai or for rough work, the roagh coarse and bastard file^ are usefi- 
For finishing, t^e second cut (small teeth), smooth '-at (very small teetli), and the dead 
smooth (very ^ne teeth) are used. 



£. File shapes (fig 18) . 



I 



(^) Fl?t files. A flat file is recta.ngular in ':ross se2?j/?n and i^ slightly 
tapered toward the point in ; ath v/idth and thickness and has double -cv.r 
teeth. Both edges are cut. 

(2) Ha ndjfiles . A hand file is similar to a flat file, but is of ^uniform width 
and tapers in thickness only. It is double cut with one sate or uncut edge. 

(3) Souare files', A square file tapers slightly toward the point cn all four 
SL*,te^ and is double cut. 

(4) Routi^i fil^s. A round file tamper s sligntly tov*n rd the point. - The 
bastard c\it file.s, 6 inches and longer, are d.,uble cut. Tne second 
cut rou^'i files, 12 inches ard longer are do^ible ^ut. All others are 
single 0':*. ^ 
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(5) Half-Tound Ele« . A half-round file tapers toward the point in widths 
and th£ckne8«i» The flat sides of all half-round files are double cut and 
are graded lir coarseness like flat files. The round backs of all coarse 
and bastard half-round files are double cut. The backs of files longer 
than 6 inches are double cut, while the backs of 4- and 6-inch files are 
single cut. ^ 

(6) Mill files . A mill file is usually single cut and is tapered in width and 
thickness for about a third of its length. 

/ (7) Pillar files . A regular or an extra narrow pillar file is similar to a 
hand file only it is narrower. Pillar files are double cut with one safe 
or uncut edge. Pillar files are of the same coarseness as square files 
of corresponding lengths. 

(8) Triangular files. The taper file tapers toward the point, is usually 
single cut, and has edges that are set and cut for filing^e gullet between 
saw teeth. The blunt handsaw file is of uniform width and thickness and 
its teeth are simila;^ to those of the taper file. The three-sided file 
tapers toward the point, is double cut, and has fairly sharp corners. 

(9) K"<^e filesc A knife file is shaped like a knife blade and is double cut ^ 
on both faces. 

(10) Flat float files , Flat float files are slightly tapered in width and thickne^ 
and have a coarse cut. 

(11) Curved tooth files/ The curved tooth file has single cut, curved milled 
teeth, and" is sometimes called a vixen or body file. ^ 

(12) Special crosscut saw files. The special crosscut saw file is single 
cut and of uniform width and thickness. 

(13) Swiss pattern files. Swiss pattern files (fig 19) are small and delicate. 
The tang is shaped into a handle. They aire most often used for fitting 
parts of delicate mechanisms, for filing work in-instruments, and tool 
and die work. They are made in seven cuts— 00, 0, 1, 2, ,3, 4, and 6. 
They are usually supplied in sets of 8 or 12 assorted files in a box although 
individual files are issued; The handles are knurled for a better grip. 
The Swiss pattern files are designed in 12 different shapes. 

d. ^se of files. There are thousands of kinds, ct^ts, and sizes of files. This 
is due to'Sie U^^hat there a^re thousands of different filing jobs, each of which can be done 
better by using tJiuright file for the job. Therein lies the first rule pn how to get the most 
out of flies. Hie fight file enables doing the job properly, whereas the wrong one does not 
and often, in fact, rtdns the work. The right file saves time because it performs correctly, 
andl ustially faster, on the kind of metal or work for which it was designed. The right file 
permit* a greater number of efficient filing strokes. Many factors enter into the selection 
of the right file for the job. In general, it may be<sai^ that different files are required to 
file a flat or convex sixrface; to file a curved or concave surface; to file an edge; to file a 
notch, a slot, or a square or round hole. But these factors can immediately become 
complicated by the kind of metal or other material to be filed; the kind, shape, and ha^^ness. 
of the object or part to be filed; the location, size, and character of the surface, edge, notch, 
slot, ot hole to be filed; the amount of metal to be removed; and the degree of smoothness or 
accuracy required* AH these conditions have a bearing on the kind, size, and cut of^file 
which will best ftfcfcin a particular objective. 
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Figure 19. Swiss pattern files.. 
Selecting proper file. 

(1) For heavy^r'ough cutting, a large coarse, double cut file is best. 

(2) For finishing cuts, use a second cut or smooth cut, single cut file: 

J 

(30 When vs^orking on cast iron, start with a bastard cut file and finish 
with a second cut file. * 

(4) When filing soft metal, start with a second cut. 

(5) ^ -When filing hard steel, start with a smooth cut file and finish with a 

dead smooth file. { 

(6) When filing brass or bronze, start with a bastard cut file and finish * 
with a second or smooth cut file. 

(7) When filing aluminum, lead, or babbitt metal, use a bastard cut curved 
tooth file. 

(8) For small work use a short^file; for medium sized work use an 
8-inch file; for large work use a file that is most convenient. 

Method of filing . ' 

# * 

(1) Clamp the work securely in a vise so that the area to be filed \s * 
horizontal and is parallel to, and projecting slightly above, ^the vise 
jaws . 
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(2) Hold the file handle in one hand, 'thumb on top, and hola rhe tip gf the 
* file with the fingers of the other hand. 

(3) Apply pressure on the forward stroke only. Unless the file is lifted 
Ivom the work on the return stroke, it will beconie dull niJich sooner 
than it should. When filing soft metals, pressure on the return stroke 
helps keep the cuts in the file clean of waste metal. 

(4J Use a rocking motion when filing round surfaces. 

(5) When using a new file, do not apply too much pressure since the teeth 
will break off - do not force the, file. File slowly, lightly, and steadily. 
Too much speed and too much pressure ca^uses the file to rock and wll 
round off the corners of the work., 

(6) Draw filing is used to produce a very smooth and true surface. To 
draw file, hpld the file at right angles to the 'direction of the strokes, 
with your hands clo>e together to prevent bending or breaking the file. 
Pressure should not be great and can remain the same on the back 3tro,ke 
as well as on the draw stroke. Th^ speed of filing is not important. For 
extra-smooth surfaces, wrap a piece of emery cloth around the file and 
stroke in the same naanner. 

Care and safety pr,ecautions . 

(1) Breaking' i:n. A new file should be broken in by using it first on brass 
or bronze. Never use it first to remove the fins or scales on cast iron. 
Do not us^ a new file on a narrow surface, such as sheet metal, because 
the narrow edge of the metal is likely to break off the sliarp points on the 
file teeth. 

(^) Cleaning. After using a new file, the teeth will clj)g up with metal fUines 
Using a clogged file will scratch the work - this condition is called pinnir. 
One way to help prevent pinning is by rubbing chalk between the teeth befc 
filing. However, the best method to keep the file clean is to use a file 
scorer and file cleaner brush. A scorer is a small pointed metal instru- 
ment, often furnished with the file cleaner brush, and is used for cleanins 
out individual teeth and grooves m the file clogged too tightly with metal 
to clean with the brush. When cleaning a file with a file scorer, use a 
pulling motion, holding the file scorer blade parallel to the rows oi teeth. 
Finish cleaning by brushing the file parallel to the rows of teeth with the 
file cleaner brush. 

(3) Safety precautions . 

(a) Do not throw files in a drawer or tool box where they can rub 
against each other or against other tools. Store them in separate 
holders, such as clips, straps, or in holes cut in a block of wood. 

(b) Use the files as instructed and clean them often. 

((c) Never use a file' without a securely attached handle unless it is 
of the Swijs pattern type* 
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, (d) Do not use files for a purpose other than for which they were 
intended 



(e) Do not use oil since this will cause the file to slide across the 
work preventing fast cutting. 

(f) Never strike the file against a vise or other object to remove 
filings,. Use the file cleaner brUsh, 

(£) Never 'stpre files with lubricants or rust-preventive compounds 
on them. Wrap each file in a waterproofed^barrier wrapping 
paper and place the files in racks or boxes^so that the faces or 
' ^ edges of the files will not touch each other.^ Keep files dry. 

• 5. HACKSAWS. Hacksaws are saws use.d for cutting metal, much the same as a 
carpenter»8 saw cuts wood. Common hand hacksaws have either adjustable frames Qr 
solid frames.. Hacksaw blades of various types are inserted in these frames, for different 
kand5 of work. Adjustable frames can be changed to hold blades from 8 to 16 inches long; 
solid frames, although mo-- rigid, will take only the length blade for which they are made. 
This length is tjfie distance ^etween the two pins which hold the blade in place. AliQiacksaw 
frames hold the blades either parallel dr at righfi angles to them and are provided with 
screws for pi^lling the blades tight. 

* ' . ' * 

a. Hacksaw blades. Hacksaw blades^are made of high-grade tool steel, hardened 
and tempered. There are two types: all-hard and flexible. All-hard blades are hardened 
throughout, while only the te^th of the flexible blades are hardened. All blades are from ' 
7/16 to 9/16 inch wide, have from 14 to 32'teeth per inch, and are from 8 to 18 inches' long. 
Each blade has a hole at each end whi^h hooks to pins in th'e frame. ^ - 



b. Set. The teeth of all hacksaw blades are set to provide clearance for the 
blade; the three different kinds of set are alternate set, raker Set, and undulated set. 
Alternate set means that alternate teeth are bent slightly sidewise in opposite direjctions; 
on a raker set blade, 'every tAird tooth remains straight and the other two are set alternately; 
on an undulated set blade, -short sections of teeth are bent in opposite directions. A blade ^ 
•should be set just enough to give i free, smooth, rapid cut in a slot just wiofer than the blade 
itself, removing no more stock than is necessary. " \ 

£• Selecting hacksaw blades. Selecting the best hacksaw blade for a specrfic. ^ 
job is a question of using either an all-hard or flexible blad^ having a pitch (number of teeth 
per inch) best suited to the work in hand. ^ ^ ' ' \^ 

(1) An all-hard*blade m best for sawing brass, tool steel, cfst iron, rails, 
and other stock of heavy cross section. 




(2) In general, a flexible blade is best for sawing holldW^apes and metals 

of light cross section, such as channel iron, tubing, tin, copper, aluminum, 
or babbitt. . 

(3) Use a bla.de with 14 teeth per inch on machine steel. This coarse pitch 
makes the sawiree and fast cutting. 

(4) Use a blade with 18 teeth per inch on solid stock, aluminum, babbitt, 
tool steel, loigh speed steel,' cast iron, and so on. 'This pitch is 
recommended for general use. 
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(5) Use a blaciti with 24 teeth per inch on tuhing. tin, braids copper, channel 
iron, and 3het:t r.^etal over 18 gage. Il a coarsrr pi^J: is us-^d, the th^n 
stock will tend to ^trip the teeth out of the bUr,^ ^nC .r.iko it diificult to 
oush the saw. Two or more teeth should be in-'>-or.ra' . 'A-ith the wor>.^ 




(6) Use a blauc with 32 teeth per inch on Thin-.^anea tubing -ir 
and sheet metal thinner than ,18 gage. 



6. DRILLS, 

a. General . The making of a hole is piece of materia; can, inliorne instances 
be a simple operation, but in a service section it is an important a/.d fptcise job. A large 
number of different tools and machines have been designed so that holes may be made » 
speedily, economically, and accurately in all kinds of material. In ordtjr^o ba able to use 
these tools efficiently, it is well to become acquainted with them. The most common tool 
for making holes is the drill. It consists of a cylindrical , piece of steel" with ;.piral groovos. 
One end of the cylir^er is pointed; the other end is shaped so that it may be attache.-^ to a • 
portable or stationary drilling machine. The grooves, usually called flutes, r^y be cut in*:o 
the steel cylinder, or the flutes may be formed by fA^isting a flat piece of steel into cylin- 
drical shape. Drills of this kind are sometimes referred to as t\vist drills. Twist drills 
are made either of carbon steel or, high-speed steel, the nature of carbon steel is such that 
if it is heated excessively and allowed to cool, it ^-ill lose its hardness.' high-speed steel, 
on the other hand, has the property of ''red hardness"; that is, it car become red hot without 
losing its temper. For any drilling at high speed, therefore, high-speed twist drills should 
be selected to obUin best results and lasting cutting effectiveness. The three pri;icipal 
parts of twist drills are the body, shank, and point (fig 20), and they are available Nvith 
either two, three, or four flutes. Drills having three or four flutes are used for following 
smaller drillsi or for enlarging cored holes and are' not suitable for drilling into solid stjck. 
The spiral- flutes give twist drills four definite advantages: 

(1) A correct rake to the lips. 

(2) Cause chips formed while drilling to curl tightW so that they occupy , 



^e" minimuav amount of space. / 

(3) ^ Form channels through which such chips can/e^scape from the hole. 

(4) Allow the lubricant,- wh'en oil is used; to flaw easily down to the cutting 



edge of the drill. 
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Figure 20. 0>vt3t drill nomenclature. 
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^» Types and uses. 

(1) Two fluted. Standard for cutting holes in solid metah 

(2) Three or f our fluted\ Used for enlarging holes. . ' ' ^ ^ 

c. Dril l sizes* , , , • 

(1) Fractional - 1/64 to 3 inches by 64ths. . \ 

(2) Numbered^ - 1 to 80 - 80 s/nallest (0.0135) and 1 largest (0.228). 

(3) Lettered - A to 2 -^A siViallest (0.234) and 2 largest (0.412). 

d. Care of drills. 

— ■ ♦ 

(1) Never attempt to enlarge, a hole by tipping drill sideways. This will 
I cause breakage, 

(^) Do not allow drills to overheat while in use or while being sharpened. 

(3) Seat driirs with lead hammer. 

(4) Do not place work supporting blocks far from drill - springiness will - 
cause it to snap. 

(5) A great deal of damage can be done to a drill through careless 
handling. Large drills,, in particular, because of their weight, can 

^ be scarred and chipped quite easily. For thii; reason, it is recommended 
that they be handled ^ith care and that a procedure be set up which 'will 
minimize such dangers. The use of partitioned trays or wooden stands 
o^ blocks with holes for drills will help to lengthen the effective life of 
drills. ^ 

'e^. Lubricants. When drilling^ som^^^STt^^tals require no lubricant while 
r^ require a' lubricant peculiar to their nature. Th>s{ollowing may be used as a guide: 

(1) Tool steel - oil. 

(2) Soft steel - oil or soda water. 

(3) Wrought iron - oil or soda water. - 

(4) Cast iron - dry. 

(5) Brass - dry. 

(6) Copper - oil, ' 

(7) Babbitt - dry, 

(8) Glass - turpentine. 
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7. SHEARS AND CUTTERS. 

Hand shears . > • ' 

(1) One of the handiest tools for cutting light sheet* metil is the hand snip 
(tihin snips). The straight han^i snips (fig 21) have blades that are straight' 
and cutting edges that are sharpened to an 85^ angle. Snips like this can 

V be obtained in different sizes ranging from the small 6-inch snip to the 
large 14-inch, 'They. are designed to cut sheet metal up to one-sixteenth 
inch in thickness. They will also work or- slightly heavier gages of soft 
metals such as- aluminunjjalloys. ^ 

(2) Snips will not remove any metal when a cut is made. There is dangeri 
though, of causing minute metal fractures along the edges of the metal 
during the shearing process, For^this reason it is better not to cut 
exactly on the layout line in an attempt to avoid too .much finish work. 

\ 

(3) .Cutting extremely heavy gage met^l ajtways presents an opportunity to 
'^spring.the blades. Once the blades are sprung, hand. snips are useless. 

Use the rear portion of the blades only when cutting heavy nrtaterial. This, 
not only avoids the possil^ity 6f springing the blades but also gives you 
greater cutting levezrag^P^ 




Figure 21, Hand shears^ 



(4) It is har^d to cut circles or small arcs with straight snips. There are 

snips expecially designed for circular cutting.. They are calleA hawk-bili 
snips and a-viation snips. Use these snips in the same manner as you 
would up'e straight snips and observe the same precautions. Like straight 
snips they pome in rrtany different sizes. 
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(5) M^ny snips have small serrations (notches) on the cutting edges of the 
blades. This tends to prevc-nt them from slippint; backwards when a 
^cut Is bcinj; made. Although this feature does niak.c the actual cutting 
much easier, it^niars the- ed«t;s orthe metal sUyhtly. You ca,n remove 
these small cutting fuarks if you allow proper clearance for dressing the 
nraeul^^q size. There are many otherlyp^^Tmiia^sm^^ 
jobs, ^he snips discussed here ca^ be used for* almost any common type 
of work. 



(6) Learn to use snips properly. They should always be oiled and adjusted 
to permit ease of cutting and to produce a surface tl^^at is free from burs. 

^ If the mades bind, or it^they are too far apart. *the snips should beSidjusted. 

(7) Never -^se snips as screwdrivers. hammeTs. or pry bai-s. They break 
. ' easily. Do^not attempt to .cut heavier materials than' the^snips are de- 

'^l ' P^^^^ Never toss >nips U a toolb'ox where the. cutting edges can 

. . , S^8:^i"^ contact with othec tooU.' This dulls the cutting edges arid may 

' , «l^.b;r^ak the blg^des. ' When snips are not in use/ hang^them on hook^ 

or lay them on an uncrowded shelf or bench. Never Use tin snips to" cut 
greened steel \^';;ire or otherr similar obj.ects. , Such use will dent or nick 
the cutting edges of the blad.es. 

C b. Bolt cutters. Bolt cutters (fig- 22) are used to cut bolts, rods, wire rope 

cable, screv/s. riveos. nuts. bars, strips, and wire. A bolt cutter is shaped like a giant 
snears with short blades and long handles. Different cutting edges are designed for 
specific applications. " /' 
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Figure 22. Types of bolt and nut cutters. 
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^ c. Care^of shears aad ^cutters . Keep tools cleaa zt all tir-.^3» Lubricate pivot 

screw or"bolt with a drop of light oil. Remove rust with a fine aluininum oxide abrasive 
cloth. Apply a thir^film^of oil on tools Jko prevent rust, and hang tools ch hooka or plaie 
them on a shelf when not in use. Never throw tools in a box /.'here the cutting edg^is nriav be 
damage^. Do not attempt .to cut material harder than the tool ^s designed to handle, ^'-ver 
use sneays or cutters as^a hammer or a pry bar, since tht> are easily damaged. For Ung 
periods If storage, coat tools wilh a rust prev«intive compound and store rhem in a dry- place 
where >the cutting edges do not come in contact with^oiher metal objects. 

Js. CHISELS. • . # ^ • ' y' ' 

a. Chisels are tools that ^an be use;i for chipping or cutting metiL They *ire^ 
''made from a good grade tool steel with a hardened cutting edge^nd a beveled hea^i.^ They 

will cut any metal that is softer than materials of which they are made. " V/hen it is ss^iil- 
fully used, the chisel can be made to do most an> ;ub tha^i a milling .nachine can 'it. although 
it is perhaps less accurate ait4 requires greater time and energy, 

b. Usually the bar stock».from which a chis«el is torged is octagonal {eight- sided). 
Cold chis"els are classified according to the shape ct their points, and the ^id^. oi the curing 
edge denotes their size, -The most common shapes of chisels are flat fcold chise-), cap?, 
roundnose, and diamond point (fig 23 thru 26). ♦ 



figure 23. Machinist's flat (or cold)* chis el. Figure 24. Il^.amond point chisel. 



1 / 

^ Figure 25. Cape chisel. Fiejre Zv.' Roundnose c:.isei. 

c. The type chftel most commonly used is the flat :cic ch-lsel -"lUch servcss 
cut rivets! split nuts, chip castings, and cut thin i.ietal sheets. Al3'> use-i lor ipec'.al 0":is 
is the cape chisel for cutting keyways. narrow grooves, and squ*.re corners, the rr^ndncse 
chisel for semicircular grooves and for chipping insid.* corners with a fillet; ar.d the 
diamond point for cutting V-grooves and •sh5.jp'^c6rnei*3. , 

ci. As ^vith other tools there is a correct tcchni'-^u.? for .;sing a chisel. Selv: t 
a chisel that is larce enough for the job. Be sure to use a ha.r.mer t.-^at matches the cr.isci- 
that is, the larger the chisel tiie heavier the hammer. A h^rvy chis^^l vAU absor') t.;- ^Ir.vs 
of a light hamme'r and will do virtually no'cuttine, .-Xs a ^iencr'^l r-^Us hqi- the chisel n 
left hand with thf* thumb and first finger about 1 inch irom tr.<? t^rj. It should -c^ i\c\^\ sKihly 
but not tightly. Trio finder muscles arhould b<: r.ilax^-i. s.) if t.,- i^m-^cr strikes U.<: rs:: . :t 
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sU^e down the tool a«d lessen the effect of the blow. Keep the eyes on the catting edge 

■ cL^el nto T ° ■ ^'^"^"-^ P^ne as the body of t^e' 

■ ^(. tin, ^ r \ ''•'''"'^^ ^ ^""^-^^ o-«- the chisel. . 
Tins will lessen the shock to your hand. 



■ 3 -• -men usiog-a chissl for c^xipping, ^Iwavs wear eoggles to ororect ^,r^ur 

- . *. • PUNCHES, , ■ - . . - . 

L ' ' - J'*^ ^ ^^^^ the hand a;id jtruck on one-end with a 

knurled.. Tnis prevents the tool from slipping around in the hand. The other end is shaoed 
to ao a partxcular ,ob. Figure 27 sho.vs Lme of the most commonly us eo metl? p nches'. 



Prick punch. 



Center punch. 



Qrive pin punch. 



Alining punch.' . ' Drift. 



Figure 27- Commonly used metal diunches. 

Ih. ^'k P"i"f^"' someti^nes called "starting punches, " have a long taper from 

riTv h . r T "^'^^ '° withstand the shock of heavy blows They 

may be usee for knocking out rivets after the heads have been chiseled off/or for freeing 

out' 7 . T 'T'""" ''"^ ^ ^" I^"" d or partially driven 

out. tne drift punch may be too large to finish the job. The foUowup tool ^o use is the 
fnn puncl,, :or U is designed to follow through the hole ^thout jamming. Always u e the 
largest drift or pxn punch that will fit the hole. These punches usually come in set o three 

or r'T'" P^^"'^- ^^^^ ^^^^^ - --^'<^- -remove a boU 

TrlllTlu ''S^;- ^'"^ -i^h - punch that has a point diameter slightly 

smaller than the diameter of the object you are removing. As soon as it loosens, fmish ' 
driving I. oufwith a pin punch. Never use a pin punch for starting a pin. becaus^ it ha ' 
a slim shank and a hard blow may cause it to bend or break. 

it is •.ise/;o/"°t" ''"^ ^ ''^^ ""'^^ P""=^' As the name implies, 

It I, ised for n^rJcing the center of a hole to be drilled. If you try to drill a hole without 

AnleT °^ "-^^"^ the des°red center 

Another use o£ the center punch is to make corresponding marks on two pieces of an assemblv 
to permit reassembly in the original positions. The point of a center pu^ h is accurate v 
IZT^ITT '-r^' "^'^^"^ ' angle.\nd.is difficult t'o^ g And by hand 'with 

any degree of accuracy^ It is, therefore, advisable to take care of a center punch and not 
to use It on extremely hard materials. 
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• d other ounches hav<i been designed for special usos O::- o: ZAr-.s,^ ''jti^^"^' 
faced drift. It is maoc o: brasr- or fiber and is astd for ..ch - ?^ ■.•omovini^SIfts bear- 
ings, aiid v^Txat pin's from.engines. It generally heavy .nonzr. to r- f da:. ,._'e to i:seU._ out 
soft enough not to ir^..ure the finished surface on t.-ir part t):i' i - .■ '.; .r-.-en /J 

• ' e. A prick punch is made cf hardened tool steel _.2r'> .r.n - sler.r- r lor.g up^e.-ed 
cone-shaped point terminating m a sharp 30° conical 'ip "it i= use- • mX: k or ider.'u • 
scribed or layout lines. on a pie^e o'f -.vork.. ..-.sually »ott mera'. a - --.rass Th--:.- :r.cr, s 

are made at short -.r.tervals so that the ref«rrence lines -viU oe eai-.i' !cc.iter. 

10 PLIERS, Pliers are used for gripping, cutting, ber.divv. , i.rr..i.ng or holding 
work, and for special j9b.. Tongs Iook li<e lon^-handlad pl.e.-s anr. ar. ma:rly isec tor 
holding or handling hot picces^of metal work to be iorged or q-.enche-. r.- pie.es o- ^ . - 
glass Pliers basically consist o: a pair ot ;.ws desiUP.ed fo:- a su-^-.-c purpose, a p.v.. 
or hinge, and a pair of hkndies.^ They are made ir. mar.v shapes an : .i^es rc nc^r.^.e a^ ^ ^ 
Wiety of jobs.. The size is d^ferm.ined by the overall '.oncth v -.ic-. usv.a.: • .s . . . ..... . 



a. Types oi o^^'- gi j 

(U Slip \oint combination pliers. T\e> si:? joir : < ;.r.at:on plier s^-ug 2:5, 
• are mosr comr.ionly used to held or b^nd ^^i^'al: bars an. a -viae 

^ variety of misceliantrous iteins. Somo nav. :u;:ir.g oages :.ear :r.. 

hmg^ for cutting wire. The yir.t ,:^er:r-.-= a-., .^rr^^r.*: and "^•^^'^J^^ 
oDening'oi the laws. Tho ;aw:. ra-e ^err-u^.-s s,r ;cv:rh :c.r ?r::r.nn, - 





/I'K^kC -.OS' 



Figure 28. Slip joint combination pl:ers. 

(2) Di agonal catting pliers. Diagonal cutting p^.er s (:=.g 2^) .have short jaws 
-ith the cutting edges at a slight anele. "Th-/ are '.sed :or cutf.ng sof. 
wrre and stock and 'for removing cotter pins are a.so usea .or 

..ittinj; cotter pins to desired length and for .= pr -a n-.-nc the end. alter the 
pin IS inserted through a hole. 

or Lineman's side cutting pliers. Lin.:han'.. s-.oe cuttin, pUers 2°) are 
' l'^ ,.^tting wire and p«eiine insulation. The -iat serrated jaws are also 
used to twist wire ends together in making spl-.ces. 
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W Parallel jawsl flat, and rounfinose pliers. Those pliers (fig 30) are us^d 
to bend or fonii metal into various shapes and-to work in limited spaces, 
"^rtu no- « is iiMdc in v.-irirty of widths and lengths. The parallel jaws 
pliers T»r- js-poUcd with or without side cutters. ' 

(5) Spetiol , ylit "-'^uw' f>hi'r.s nvi* niadi- U*r spet iiu jobs such as 

^ ^ the braki- .-j/nng phu: V. vK. i lidinu arid breaking pliers, ignition pliers, 

• batt^ry lori^.inal pliers, -i*,- Urjkr key and snapring pliers. 

b. Use of pliers, U iier usi.i^: pJtcrs kV^p.your fingers away from the jaws and 
cutting edges>. Make sure liic hinue or loiat is tui.t before ust-ici pliers. Insulati-'h.^n.iK s 
•of pliors when usine thorn jn t^lt-ctricul work with several thir knr»t,Oi, ui Iriciion tnpe. rnbbor 
tapv, or specially mauuia. luri-d rabb'-r ^rip.s.- When cutting lar^^^ n.atcri-ii \.il».in the 
capacity of diagonal cutting plu-rs. cue ith the throat 6f the jaws, not with the points'. The 
tendency of niisarining the jivs will be L^reatly reduced. Once the jaws are misalinea 
^(•sprung), it will be imposr^iblt. to cut fint wire. To pret,erve the life of slip joint comomation 
pliers/ do not use them on very hard merai. Hard metal will wear off the'teeth and the pliers 
w-ill lose-thei;r grip. Cs- pUers-cinli; for the purpose for which they are iatended. Do not try 
to increase the leverage. oi tti^iVfeajidi^s hy,ljen^,thening them with sections of pipe or other . 
extensions. * " , ^ 




Figure 30; Parallel laws. ^at and roundnose pPers 
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a Types of screwdrivers. Screwdrivers are made in various shapes and lengths 
-to perform specific jobs. The size of a, screwdriver (fig 31) is indicated by the length of the 
blade: i, e- ; a 6-inch screwdriver has a 6.inch blade. The width and shape of blade tips 
vary from a narrow parallel sided tip to a wide tapered up. Some screwdrivers have specia. 
tips for cross-slotted recessed screws or bolts and clutch-bit screws. Special screwdrivers 
are provided with a ratchet arrangement. - " , 

(1) Common screwdriver. The common screwdriver (tig 32) has a round 
steel blade anchored in a wood or plastic handle. The blade is forged • 
from alloy steel and tempered. The tip is Hat, not forged to size, and 
heat treated. Common screwdrivers are tapered ro ^ive maxia.Jm 
strength. Handles are made of hardwood or -^1^:511^ con.positio . usually 
nuted for a good grip. Tht? blade is ahohoro^ in tl.c hai.dh* by Uvo or 
more toncsb»on the end of the blade, and in the cas<: o: a -.vood r.v^ndle a/ 
pin or rivet through the ferrule, handle. ancJ blade. Some ha-.cl.i are 
integral; that is,, the blade forms an integral pc some of ti*. outside 
surface of 'the handle and is locked in plarce p\ ri"ecs. Ir.cfgral .lade 
/. . screv/dfivers are used for heavy-duty v/ork/ The olo -'e c^., be capped 
with a hammer to seat the blade tip in rusv/ -crtv/s. ^•c'-. r r ^-i-non 
heavy-duty s.crewdrivers have square blade; so .nat a wre:...% c-.n 
used to turn them. 





.1 




Figure 3L Standard screwdriver. 
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Figure 32. Common, flat-tip <jcrew(trivers. 
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Phillipg s crewdrivers (crojs^tip) . The tip .of a Phillips screwdriver 
(fig 33) is shaped like a cross so'that^it fits into^ Phillips-head screws- 
Phillips-head screws have two slots ;which cross at the center. These 
screwdrivers are made with four different sized tips. Size i will fit 
No 4 and smaller size Phillips screws; size 2 'will fit No 5 to 9 inclusive^ 
.size 3 will fit No 10 to 16 inclusive; and size 4 will fit No 18 and larger - 
sizes. Phillips screwdrivers also have different lejeth blades ranging 
from 1 inch' to 8 inches. ♦ - 

'^l Reed and Prince screwd rivers (cross-point) . Reed and Prince screwdrivers 
are similar to the Phillips type; however, do not confuse them for the tip 
is different, as shown in figure. 33. These screwdrivers are issued in 
3- to S-inch sizes. 



("^^ Clutchj^he ad scr^drivers. Clutch-head screwdrivers (fig 33) are used 
to drive clutch-biisscrews. These screws are commonly called butterfly 

^ or figure S screws knd have recessed heads. The clutch-type screwdriver 
is issued.in 3-, 4-, 5- and 6-inch sizes. 



r 
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Figure 33. Special tipped screwdrivers. 
. ' * 

Offset screwdrivers. Offset screwdrivers (fig 33) are designed to drive 
or remove screws that cannot be lined up with the axis of common siy^ew- 
drivers or are located in tight corners, An offset screwdriver is u'Wlly 
made from a piece of steel, rourfd or pctagonal in Shape, maTfeThined so that 
the end portion is at right angles to it^ longitudinal dxis. They are made 
in a variety of sizes' having different width tips. Some offsei screwdrivers 
are made with two blades, one of different size at each end. A double^tip 
offset screwdriver has fpur blades. 

• 

Ratchet scr ewdrivers. Ratchet screwdrivers (fig 34) are used to- drive or 
remove small screws rapidly. The spiral rJ^het screwdriver automatically 
drives or removes screws. It can be adjusted to turn left, right, or locked 
to act as a common screwdriver. It has a knurled sleeve with a spiral 
chuck and a control locking device which has three positions: right and . 
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' left ratchet and rigid.* ^otne spiral ratchets have a spring in the handle 
which autoniatically returns the handle for the next stroke. Another style 
of ratchet screwdriver has a knurled collar for rotating the blade with 
your, fingers. The spiral type has separate bla4« ths^are inserted in the 
chuck. The plain common ratchet screwdriver is.ma'd.e with one integrally^ 
built 'blade. 

(7), Screwdriver. bits . A afcrewdriver bit (fig 34) is a screwdriver blade with 
a square, heX, or notched shank so that it will fit in the chuck of a breast 
drill or ratchet bit brace, or on a square drive tool such as a socket 
wrench handle* Other screwdriver bits are made with a spiral ratchet 
screwdriver shank for use with spiral ratchets. 




Using a screwdriver. * 

(1) Driving screws. Use the longest screwdriver available which is f 

convenient for the work. The width of the tip. should equal the length . 
of the screw slot and the tip must be thick enough to fit the width of the 
screw srot'(fig 35). Hold the handle firmly in one hand with the head of 
the handle against the palm and grasp the handle near the ferrule with 
your thumb and finger (fig 36). Hold the screv/driver in line with the axis 
of the screw and center the tip in the screw slot. To drive screw in, press 
down with your palm and tutn the*screwdriver clockwise (to the right). 
- When taking a fresh ^rip on the handle, steady the tip and keep it pressed 
in th^ sorew slot With your'other hand.' Relax your other hand when you 
are ready to turn the scfewdriver again. To drive screws easier, rub-a 
little soap into the threads of a wopd screw and pat a drop of oil or a little 
graphite on a' machine s,crew. Doing this will also minimize the chances 
of rust forming on the screws and will make them easier to remove. 



l4o 
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Figure 35. Proper blade for specific screw. 
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Figure 36. Holding screwdriver properly, 
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(2) Removing tight acrew8> When a screw, cannot be turned av the fir'st 
attempt to remove it, try to tighten it first, then *:urn the screwdriver 
opposite. Sequentially, tighten and loosen the screv* until completely 
removed. If a tight screw with a damaged siot can be backed out partially, 
it is possibfe^t? remove it completely with a pair of pliers. 

c. , Care of screwdrivers. 

(1/ Dressing and shaping . When a screwdriver becomes nicked, or the 
edges become refunded, 6r when other damage occurs so that it does 
not fit a 9crew slot, it must be reground or filed. The sides musi be 
parallel to keep the tool from lifting from the screw slot, and the tip 
must be square and at right anglea to the sides and to the blade. If using 
a file, plac^ the screwdriver in a vise. When using a grinder, adjust the- 
• ♦ rest to hold the screwdriver against the wheel to produce tne desired 

shape, parallel or concave. Do not grind away more material than 
necessary to remove nicks or square up the"end. After .squaring the tip, 
grind both sides until the tip is the refjuired thickness. Dip the screw- 
driver into water frequently during grinding to prevent loss o** temper by 
* overhearing. If the blade discolors (blue or yellow), the temper has beer.. 

damaged. Retemper by heating about 1-1/2 inches of blade to a cherry red 
with a torch. Immediately dip about 3/4 inch of the blade in clean cold 
water. Quickly rub the hardened end with aluminum oxide abrasive to 
brighten it. Watch the color creep back into tho tip from the heated porticn- 
of the blade. When the color becomes light blue, dip the blade into water. 
The tip is now retempered and ready for use. 

(2) Precautibns. HandU the screwdriver carefully. Use th«> right sized • 
sc^<ewdHver for the job. Keep the blade clean. Do not carry a screwdriver 
in your pocket unless it has a pocket clip. Never use a screwdriver for 
prying or chiseling operations. When difficulty is encountered in driving 

or 'removing screws that are hard to turn, do not use pliers to turn the 
Screwdriver. Pliers will 'damage the screwdriver. For hard to turn 
screws, select a square bladed screwdriver designed for heavy duty, and 
a wrench which properly fits the blade. 

(3) Storage. After use, wipe the screwdriver with light oil and place in a 
rack or toolbox. ^ - - 

12. VISES, Vises are used for holding work when it is being planed, sawed, drilled, 
shaped, sharpened, riveted, or when w<^d is being, glued. 

a^. Types of vises . ^ ^ ' 

(1) Machinist's bench vise. A machinist's bench vise (fig 37} ia a large 
steel vise with rough jaws that prevent the work from slipping. Most of 
these vises have a swivel base with jaws that can be rotated, while others 
cannot be rotated. A similar light-duty model is equipped with a cutoff. 
These vises are usually bolt-mounted onto a bench. ^ 

(2) Bench and pipe vise. The bench and pipe vise (fig 27) has integral pipe 
jav^s for holding pipe from- 3/4 inch to 3 inches in diameter. The maximum 

' ' working main jaw opening is ustially 5 inche§. having a-jaw width of 4 to 

■ 5 inches. The base can be swiveled to any po^sition and locked. These 
vises art! equipped v?ith an anvil and are also bolted onto workbench. 
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(3) " Clamp base bench vises. The clamp base bench vise (fig 37) usually; 
has a small^fTaolding capacity than th^yg|iachinist*s or bench and pipe 
,,vises and is clamped to the edge of a bench. Holding capacity is generally 
1-T^2 to 3 inches. These vises normally do not have gipe holding jaws\ 
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Figure 37. Types of vises. 



(•^) Blacksmith's vise .' The blacksn^ith' s vise (fig 38) is used for holding 
wor'k that must be pounded with 'a heavy hammer. It is fastened to a 
* sturdy workbench or wgiU', and the long leg is se'cured into a, solid base 
on thij floor, s ^ * - . / 

(5) Pipe vises. A pipe vise (fig 38) is specifically designed to hold round / 
stock. The vise 'shown has a capacity of 1 to 3 inches., One jaw is hinged 
so that the work can be positioned and then th6 jaw brought down and 
locked. This vise is also used on a bench. Some pipe vises are designed * 
to use a section, of chain to hold down the work. Cihain pipe vises range in 
size from l/*8 to Z-l/Z-inch pipe capacity^up to 1/2 tp 8-inch pipe caj}acity. 

(6) Machine table vise. The machine table vise (^ig 39) is constructed so that 
It may be secured on a machine talJfe .and.wo^k, h6ld for subseqctent machin- 
ing operations. These vises either have a /?i-inch jaw width and a Sc- 
inch jaw opening, or a 6-inch jaw width with af' "6-inch jaw opening. 

(7) Pin vise. A pin vise (fig 39) is held in the hand. Its overall length is 
usually about 4 inches. It has a chuck-type jaw which is capable of holding 
small stock from 0 to 0. 187 inch in diameter. 
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b. Use of vises. -•♦^w 

^ 5 ^ " 

(1) When holding soft metal in a vise, material softer th^in the workpiece 
s must be used in the jaws to prevent 4amage to the work., JThe work 

should be held securely to prevent it from slipping, ^ut not so tight that 
it will damage the Work. 

(2) When holding hard knaterial, turn the^ screw of ihe vise up tight and tap 
the end oiHhe handle'sharply for the final tightening. 

y \ 

(3) To hold irregularly shaped work in a vise requires a little thoug-ht. Make 
certain the jaws grip on a firm even surface of the work. The swivel jaw 

'* type of vise (not illustrated) is especially suited to hold tapered or irregular 

• work, since one jaw can be swiveled. A tapered pin must be removed 

before the jaw cTan be' swiveled, 

(4) Cylindrical work can be held between straight jaws-; however, it is better 
to insert V-cut jaws over the straight jaws for this work. 

(5) Fidished work shoulii be held^etween jaws'of soft material or soft metal, 
such as copp^rT bra'ss^ lead, or plastic. A piece of rawhide or soft leather 
Ikid over the vise jaws will prevent dannage to highly polished surfaces. 

£. Care of vises? Keep vises clean at all time-s; they should be cleaned and wiped 
with light oil after using. Never strike a vise with a heavy object and never hold large work 
in a small vise, since this practice will cause the jaws to become sprung or otherwijse 
damage the vise. Keep jaws in good condition and oil the screws and the slide frequently. 
^Never oil the swivel base or Swivel jawjoint— its holding' power will be impaired. When the 
vise is not in use, bring the jaws lightly together or leave a very small gap and leave the 
handle in a veirtical position. 

13. CfLAMPS. Cla mps are used for holding work that cannot be satisfactorily held in 
a Vise, because 6f its shape or aize, ox when a vise is not available. Clamps are generally 

used for light wo rktf * ' ' . ' ^ 

"ft . ' 

' Hi ' * 

\ Types of clamps. ^ 

(1) C-clamps> A C-clamp (fig 40) is sliaped like the 1-etter C. It consists 

of a steel frame threaded to receive an operating screw with a swivel heaS. 
V. They are niade fo^ligh^r medium, and heavy service in a variety of sizes. 

(2) Hand screw clamps. A hand screw clamp (fig 40) consists of two hard 
nnaple jaws connected with two operating screws. Each jaw has two metal 

• 'inserts into which the screws are threaded. These clamps are also issued 

in a, variety of sizes. • 



(3) 



Tooimaker's clamps. One type of toolmaker*s* clamp (^ig 40) is similar 
to the hand screw clamp, except thct the jaws ar€ made of forged stiel. 
The screws pass through one jaw and thread into the opposite jaw. One ■ 
jaw is kept from sliding down the screw by means of a clip which slips 
under the knurled head of the screw. The other screw, farthest from the 
cl?.mp opening, is threaded through oriejaw a/d enters a ^hsillow bearing . 
hole in the other. These clamps are issued in 1 - 1 /4-. *2- 1 /2- . and 3-1/2- 
incl. caprci^!'*J. Another type of tooimaker's clamp has one adjustable 
jaw and uses taket^p blocks. Thp takenp blocks at^e sapped r»n and off the 
end of the - djustsMe jaw. ^Tho ».iip -an bo ?ttachc»d to a b^.-^cii that it 
can* be us-^tJ as a small vise. ij 
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r'iau'wc 40. Typ'^'. \ i clamps. 

'b. of clamps 

fl) V%'hcn usina th-/ "land screw cl?.ny^bi4s.^p. the jaws paraii.-l to applv even 
nr -»3si.vo aion<7 rlio work 3.nc! t^^roperly hold the pieces o: v-ork together 

(2) Vv hen soir inateriai can be damaged the ja%vs, a sc:t r.ia".t:rial tr.ou.u 
bt placed o' ov the- face of each jaw. 

(3) Use ra whine or soft leather to protect highi'y polished* s»trfaces. 

(4) Never use the hand screw clamp on material other than'wood. Other 



i\ever use tne nana screw clamp on mate 
rtlate rials may damage tlie wo^en jaws. 



i 

(5) A C- clamp may be used on any kind of material. When holding glass or 
work with a high polish or paint finish, protect the finish by using brass 
shims or wogden blocks on «ach side of the work. 

(6) Clamps should be screwed up tight, but not so tight that the pressure will 
spring the» clamp. 

(7) Use hand press^ure to tighten clamps; -never use -.vVerches or bars (fig 4Z). 

(8) Always use the Cight size clamp and observe clamps for signs of undue 
strain when using them. ' 
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(9) When using the toolmaker'a. steel jaw clamp, both screW-s are turned to^ 
adjust the clamp roughly, then the screw nearest the open end~of^e 
clamp is a.djusted until the clamp Uts the work snugly. Then, tighten the 
clamp by turjiing the other screw. The jaws should be parallel and should 
clamp the work evenly. If one screw leads or laga-the other, the clamp 

^ is ifselessTit will allow the work to tum.^JBack off one screw and tighten 
the other to correct an uneven clamping condition. The knurled heads of 
these screws are drilled for insertion of a short, steel^rod which can be 
used to increase leverage. ' 




Figure 41. Using hand screw clamps— jaws parallel. 




Figure 42. 'Using'hand screw clamps — hand tightened. 
Care of clamps> 

* 

(1) C-clamps. Keep thre^ids of C-clamps cle%n and free from rust by oiling 
properly. The swivel head must be kept clean, smooth, and grit free. • 
If the swivel head becomes damaged, replace it as follows: pry open the 
crimped portion of the head ancj remove the head from the ball end of 
the screw (fig 43). Repla.ce with a new head and crimp. Oil screw threads 
regularly (fig 44). For short storage^ oil clamps with a light coat of 
d^igine oil and wipe them off before they are hung on racks or pins, or 
are carefully placed in a tool box. For long storage, apply a rust-pre- 
ventive compound to the C-clamp: 
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Figure 43. C-clamp, exploded view. 



(2) Hand screw clamps . The screws of these clamps may break or become 
damaged, the inserts may become worn, or the wooden jaws may split or 
warp^ When necessary to replace any of these parts, disassemble the 
clamp (fig 45). Remove handles from screws by filing off peened ends of 
attaching pins. Drive out the pins. Turn both screws from the. inserts 
and rempve the inserts from the jawfl. Replace damaged screws, inserts, 
and handl'es. Install inserts in the jaws and tCirn the screws into position 
in the two jaws. Turn the new screw izjto the handle or the old screw into 
the new handle, depending on which part is being replaced. Aline holes 
and tap in a new pin. Peen end of pifi to secure the screw in the handle. 
Keep all screws lubricated with a few drops light oil. Apply a light 
coat of linseed oil to wood surfaces to prevent them from drying out. I£ 
the finish of wooden jaws is worn and bareywood is exposed, coat the jaws 
with varnish (iig 44), Hang the clamps on racks or pins, or carefully 
place them in a toolbox, to prevent damage when not lu use. Wipe cliean 
before storing. 
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Figure 44. Clamp maintenance. 

(3) Toolmaker^a clamps. Keep the screw threada-^ean and oiled for smooth 
operation. Protect the jaws from rust with/S thinN^cating of light oil. 
Remove rust with crocus pr aluminum oxide clc h (fig__44). If the jaws 
become chipped or naar.r'ed, dress them with an oilstone \^provide a 
smooth contacting surface. 
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Figure 45. Hand screw clamp, exploded view. 

14. TAPS AND DIES. Taps and dies are used to cut threads in meUl, plastics, or 
hard rubber. The taps are used for cutting internal threads, and the dies are used to cut 
external threads. There are many different types of taps, however, the jnciAt common are 
•the taper, plug, bottoming, and,pipe taps (fig 46). 

a. Types of taps . 

(1) The taper (starting) hand Up has a chamfer length of 8 to 10 threads. 
These taps are used when starting a Upping operation and when Upping 
through holes. ^ 

(2) ^ Plug hand taps have a chamfer length of 3 to 5 threads and are designed 

for u»e after the taper tap. 

(3) Bottoming hand taps are used for threading the bottom of a blind hole. 
They. have a very short chamfer length of only 1 to 1-1/2 threads for this 

• *- purpose. This tap. is used after the plug tap has already been used. Both 
the taper and plug Ups should precede the use of the bottoming hand Up. 

(4) Pipe Ups are used for pipe fittings and other places where extremely tight 
fits are nece-ssary. The Up diameter, from end to end of the threaded 
portion, increases-at the rate of 3/4 inch per foot. All the threads Vi this 
tap do the cutting, as compared to the straight Ups where only the no\ 
chamfered portion does the cutting. 
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Figure 46. Types of common taps. 



b. Types of dies . Dies are made in several differ«nc ihapes and are of the 
Tdjustable type. The square, pipe die (fig H) will -ul American standard pipe 
thread only. It comes in a variety o£ sizes for cutting threads on pipe with diameters oi 



1/8 inch'to 3 inches. 



(1) 



A rethreading die <fig 47) is used principally for dressing over bruised o: 
rusty threads on screws or 'bolts. It is available in a '/arioty of sizes fr** 
rethreading American standard co^irse and' fine threads. These di^js are 
usually hexagon in shape' ancr,\;ah Ve- turned with a socket; boj^.- open 6ndv 
or anyjvrench that.will tit. Rethreading dies are Available in sets 
6, 10. 14, and 28 assorted sizes in a cas6. , . ' 





Figure 47. Types of solid dies. 

;2) Round split adjustable dies (fig 48) are called "Sutton ' dies and can be used 
m either hand diestocks or machi-*e holders. ' Th^: ? ijdstment in the screw 
adjusting type is made by a fine-pitch screw v/h.ch forces the sides of the 
die apart or allows them to spring togethtrr. The adjustment in the open 
adjusting types is made by means of three s:rews in the holder, one tor 
expa viinq and' two for compressing the dies. Rornd split adjustable dies 
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available in a variety of 'size* to cut American standard coarse and 
fine threads, special form threads, and th-e-standard^ sizes of threads that 
are used in Britain and other European countries. For hand threading, 
these dies* are held in diestocks (fig 49). One type die stock has three 
pointed screws that will hold round dies of'Any-4:Qiistruction, although it 
is made specifically for open adjusting -type dies. 

Two-piece collet dies (fig 48) are used with a collet cap (fig 49) and collet 
guide. The die halves are placed in the cap slot and are held in place by 
the guide which screws into the ymde rsid e of the cap^ The die is adjusted 
by rifieUns' c^fl'etscreWat't^^^ of the internal slot. This type of 
adjustable die is issued in various sizes to cover the cutting range of 
American standard coarse and fine and special form threads. Diestocks 
to hold the dies' come-hi-three different sizes. 



(4) 



Two-piece rectangular pipe dies (fig 48) are available tc cut A.-nericaa 
standard pipe threads. They ars held in ordinary or ratchet-t^'pe diestocks 
(fig 50). The jaws of the diss are adjusted by means of 3etscrewo. An 
adjustable guide serves to keep th^ pipe in alinemenc v/izh respect to the 
.die5. The smooth jav/s of the guide are adjusted l:y means of a cam plate, 
a thumbscrew locks the jaws iir'miy in the desired :5csisicn. 




nvO»P!£CE rectangular: PjPS J5I£ , ^'z^. 




TwaPiecE coocT die. 




ADJUST! N<3^ 
SCREY/ 



Figure 48. Types of adjustable diet. 
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Figure 49. Diestocks, die collet and tap wrenches, 




p 

Figure 50, Adjustable die guide and ratchet diestocks. 

c. 'Threading sets. These are available in many different combinations of taps and 
dies, together with diestocTcs/'tiap'wrejaches, guides, and necessary screwdrivers a'nd 
wrenches to loosen and tighten adjusting screws and bolts. Figure 51 illustrates a typical 
threading set for pipe, bolts, and screws, ^ 

d. Sharpening* Never attempt to 'sharpen taps or dies. Sharpening of taps and 
dies involves several highly precise cutting processes which involve the thread characteristics 
and chaxnfer, . These sharpening procedures must be done by experienced personnel in order 
to maintain the accuracy and the cutting effectiveness of taps and dies. 
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Figure 51. -Threading sets. 



e. Storing. Keep tips and-dies clftin and well oiled when not in use. Store them 
so that they do. not contact each other or other tools. For long periods of storage, coat taps 
and dies with a rust-preventive compound, place in individual or standard. threading set 
boxe's, and store in a dry place. 

^ 15. PIPE CUTTERS. Pipe cutters are used to cut pipe made of steel, brass, copper, 
wrought iron, and lead. 

a. Types of pipe cutters . Two pipe cutters are normally issued: *one has a 
cutting capacity of 1/8 to 2 inches and the other from 2 to 4 inches. Th'e pipe cutter (fig 52) 
has a special alloy-steel cutting wheel and two pressure rollers which are adjusted and 
tightened by turning the handle. 

* ' - . 

b. Use of pipe cutters . * * % 

(1) Measuring threaded pipe . Before you cut^pe, rriake certain the required 
correct length is determined. There are tliree methods of measuring 
threaded pipe, and you must understand t\^e methods if the pipe is^to be 
cut to the correct lengths (fig 53). ) 

(a) End-to-end method. This measurement includes the threaded portions 
'of the pipe. The pipe is measured from end to end. v 



(b) End-to-center method. 



This measurement is used on a section of the 
pipe that has a fitting screwed on one end only. Measui;^ f^n^ the ^ 
free end of the pipe to the center of the fitting at thelother end of the 
pipe. si.. 
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Figure 52. Pipe and tube cutters. 
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Figure 53. Measuring threaded pipe. 
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(c) Center ^to* cent er metlioci. This meaiurement'is used when both 
ends of a pipe have fittings. • Measure from the center of one fitting 
to the center of the other fitting at the opposite end of the pipe. 

(d) Approxinaate thread lent;ths. The approximate length of thread on 
1/2- and 3/4-»inch wrought iron or steel pipe is 3/4 inch. On 
l-i/4-, and 1-1/2-inch pipe, it is approximately 1 inch long. On 2- 
arid 2-1/2-inch pipe, the length of thread is 'I-I/8 and 1-1/2 inches 
respectively. 

(e) Determine pipe length. To deterrmne the length of pipe required, 
compute as outline(i in I through 4, below. 

* *■ *■ ' ' ' ' ' 

i.* Take the measurement of the installation, such as center to center 
of the pipej requiring two fittings .((£) above). 

2^. Measure the size of fitting or fittings«as shown iii figure 53. 

• 2' Subtract the total size of the two fittings from the measurement 
obtained in J^, above. 

^. Multiply the approximate thread length ((d) above) by 2^ and add the 
result to the length obtained it^^' 3it)ove. This will give the length 
of the pipe required. 



(2) Cutting pipe. 

(a) Measure the length of pipe necessary {{I) above) and mark the spot' 
.where the cut is to be made with a scriber or crayon. 

(b^) jLock the pipe securely ia a pipe vise (fig 54). 

{c) Inspect the pipe cutter to make sure that there are no nicks or burs 
in the cutting wheel. Open the jaws of the cutter by turning the handle 
counterclockwise. 

(d) Position the cutter around the pipe at the marked point. Make sure 
the. cutting wheel is exactly on the mark and close the jaws of the 
cutter lightly against the pipe by turning the cutter handle clockwise. 

(e) After making contact, turn the cutter handle clockwise one-fourth of 
a turn more. Irhis will put a bit on the pipe. 

(f) Grasp the cutter handle and rotate the.^cutter as a whole, one complete 
revolution, sv/ittgiAg it around the pipe in the directi^" indicated in 
figure -54. 

(£) Turn tho cutter handle clockwise one-fourth of a turn more to take 
another bite on the pipe and rotate the cutter, as a whole, another 
complete rf^olution. Keep the cutter perpendicular to the pipe at all 
times or the wheel will not track properly. 

(h) Repeat (£) above until the pipe is cut. Remove the shoulder on the 

outside of the pipe with a file and the bur on the inside with a. reamer. 
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Figure 54. Cutting pipe. 

-^Care o f pifie cutters* • 
-'rr* — ' — , 

(1) ' Sharpening cutter wheels.. The cutting wheel on a pipe cutter must be 

removed and sharpened when it becomes duUed, nicked, or otherwise 
" damaged. Remove the wheel ty tapping out the pin in the center of the 
C ' wheel, 'or by backing out the>^atta'ching screw on some types. Secure the 
wheel in a suitable jig and carefully grind the cutting edge on a grinder ^ 
abrasive wheel or grindstone. Preserve the temper by frequently dipping 
the cutter wheel in water during grinding. Any wire edge can be removed 
orr cL n ^oilstone. 

t 

(2) Storage. Clean and wipe cutters with a thin film of oil before putting 
away after use. Carefully store tools to prevent the cutting wheels from^ 
becoming damaged, f^or long periods of storage, coat all parts of cutters 
with a rust-preventive compound; wrap cutter wheels in cotton or a small 
piece of rag- satujrated with light machine oil to prevent damage and store 
in a dry place, 



16, TUBE CUTTERS. These cutters are used to cut tubes^fl^e of iron, steel, brass, 
popper, and aluminum. 

a. Types of tube cutters . Some types of tube cutters closely resemble pipe ^ 
cuttets, Txcept that they af e 6i lighter construction, A hand screw feed tubing cutter of . 
1/8-inch to 1-1/4-inch capacity (fig 52) his two rollers with cutouts located off center so 
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that-crackcd flaircr may be held in them and cut off without a watte of tuning. It also has 
a retractiible reamer blade .that is adjusted by turning a knob. Other types of tube cutters 
shown arc designed to cut tubing up to and including 3/4 and 1 inch o. d. Some cutters have 
the 'feed screw covered to protect the threads against dirt and damage. 

b. Use of tube cutters . ^ 

(1) Measurement . Measure tubing as you would pipe (para 15b(l)). 

(2) Cutting tubing. The procedure for usin^ tube cutter is the same as for 
pipe cutters (para 15b(2)), except that a vise is not necessary. Tubing 
is held in one. hand and the cutter rotated with the other hand. For large 
diameter tubing, using a visje is advisable. Be certain to use soft jaws 

• on the vise to prevent daniage to the tubing. Use the reamer blade, 
equipped with most tube cutters, to remove any burs from the inside 
diameter of the tube after it is cut. 

c. Care of tube cutters . The care of pipe cutters discussed in 15c above is 
also applicable to the care of tube cutters. 

17. FLARING TOOLS. Flaring tools are ured to make single or double flares in the 
ends of tubing. 

'a. Types of flaring tools. Flaring tools (fig 55) are used to flare soft copper, 
braais or aluminum to make up 45^ flare joints. The single flaring tool consists of a split ^ 
die block that has holes for 3/ 16-, 1/4-, 5/16-, 3/8-, 7/16-, and 1/2-inch o.d. tubing, a 
clamp to lock the tube in the die blpck, a yoke that slips over the die block that has a 
compressor screw, and a cone that forms- a 45° flare or a bell shape on the end of the tube. 
The screw has a T-handle. A double flaring tool has the additional feature of adapters that 
turn in the edge of the tube before a regular 45° double flare is made.*' It consists of a die 
block with^oUs for 3/16-, 1/4-, 5/16-, 3/8-, and 1 /2-inch tubing, a yoke. with a screw and 
a. flaring cone, plus 5 adapters for different size tubing; all carried in ^ metal case. 




^> U«e of flaring tool 



(1) Single flare. With the die block clamp screw (fig 55) loose, /inset the 
tube in the corresponding size hole so that the tube extends approximately 
1/8 inch above-the face of the block. Tighten the clamp screw firmly ^o 
hold tube in place. Slide yoke over the end of the die block and turn the 
feed screw clockwiaa until the flaring cone forces- the end of the tube tightly 
agam.t the chamfer of the die block. The tube is now flared to a 45^ angle 
Back out feed screw, slide yoke off the die block, and loosen the clamp 

• crew to remove the flared tube. 

(2) Double flare . . 

( . ■ ^ • 

(a) Insert tubing th£ough the proper hftle in the die block, with the end 
protruding above the block by the thickness of the shoulder on the 
appropriate adapter. Tighten the'winguuts on the die block and insert 

^ the adapter m the tubing. Move the ybke>over the adapter and turn 
the feed screw clockwise until the shoulder of the adapter rests on 
the die block and a bell shape is formed on the tubing as shown in A, 
figure 56. Loosen the feed screw and remove thi adapter from the 
tubing. 

(b) Flare tube as you would for a single flare (B, fig 56). 
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Figure 56. Double flaring a tube. ^ 
Care of flaring tools. 

(1) Read 15c above on the care of pipe cutters for general information on the' 
care of flajring tools. 

t ' ^ ' 

(2) Before storing, close the single flaring tool die block, install the yoke 
and turn down the flaring cone until it just lightly touches an opening in 
the block. Return parts of the double flaring tool to their case after use 
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SECTION II. MEASURING iKJ^^RUMENTS 



18. INT^ODUCTIOrs,. Modsufin'p t<^ols a ro. dc^si^ned for rnta^urinir work accuratoly. 
They indurifi level irKiu-.Uinu (lovices (h'vols), n(>ni ahhratfd ni<^asurina tools (calipi^rs. 
dividers, trammels) for transferrinj: dimensions t»r laycmts from one medium to another, 
calibrated measuring tools (rules, precision tapes, micrometers) designed to measure 
distances in acdordanc with one of several standards of measurement, gages (go and no-go 
gagt'S, thread gages) which are macluncfi to pi*edeterniined shapes or sizes for measure- 
ment by comparison, and combination tools such as a combination square v^hich is designed 
to perform two or more types of operation. In this section, measuring instruments will^be 
discussed as to types, use, and care. 

19. LEVELS, Levels are tools designed to prove whether a plane or surface is true 
horizontal or true vertical. Some levels are calibrated so that they will indicate* the angle 
inclination in relation to a horizontal or vertical surface in degrees, minutes, and seconds. 

a. Types of levels. The level is a simple instrument (fig 57) consistinf^ of a 
liquid sealed in a glass tube. The tube is mounted in a frame which may be of aluminum, 
iron, or wood. Aluminum levels, light in weight, will not rust. Wood levels are light and 
are not cold to the»touch when used outdoors in cold weather. Iron levels, which are 
heavier and which will f ust, hold their shapes better and withstand^more abuse than either 
wood or aluminum levels. Levels .are equipped with one, two, or, more vials (glass tubes). 
One set of tubes is built in the frame at right angles to tlie other set, with an air bubble in . . 
each tube. 

(1) Master precision level. The master precision level has an accurately 
ground and graduated main vial of lO-second accuracy; one division equals 
0. 00058 inch per foot. This accuracy refers to the arc of the vial. Sixty \ 
seconds equal I minute of arc and 60 minutes equals 1^ of arc. The 
master precision level aids in setting trxi^ horizontal while being^held 
horizontally on the surface. This level is equipped with two additional 
shorter tubes at right angles to the main yia-l- These'serve in setting the 
true vertical, while the level is being held at the side of the surface. 

The top and botton;^of the level is milled and ground to make both 
surfaces absolutely parallel. 

(2) Machinist's levels. Levels of this type come in various sizes with adjust- 
able ground glasses and graduated vials with cross levels. The adjustable 
ground glasses are extra long and of large diameter arc, making them a 
sensitive and accurate level for machinists' use. Some of these levels 
have -grooved bottoms, making them particularly valuable for leveling 
shafting, pipes, and so forth. 

(3) Iron bench levels. Iron bench levels are commonly used by machinists, 
plumbers^ millwrights, electricians, and in all forms of construction. 
They are made of. strong castings of special conSt«ruction which insure 
lightness, strength, and rigidity. They all have gnound and graduated 
vials. \ 

(4) Striding levels . Striding levels are machinist's bench levels specially 
adapted for spanning over obstructions. The vial is mounted on a support 
that has two l^s. The legs are machined concave in the center to span 4 
obstructions, such as a pipe that runs parallel to the surface being checked. 
The raised support provides the necessary room to clear obstructions, 
such as the V-ways on a lathe when checking true horizontaj. of the flatways 
on a lathe. . « 
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Figure 57. Types of levels. 



beyit or ground. 



b. Mechanics of levels. T^e vials or^gl^s tubes used in leyels today are either 



(1) Bent glass tube vials are ma'de from glass tubing and are slightly curved 
in an arc so that th^ hijg^h point ,is exactly in,the center. The bubble in a 
bent gjass vial settles qtiickly but with' sufficient accura^cy for carpenters' 
and masons' work. , ' "* ^ . ' ' ; ' 

(2|^ Ground vials are also nftade of glass tubing; straight oiv^he outffide;^but 
with the inside ground barrelr shaped' so that the high point is in the center. 
The bubble in a ground vial works slowe'r, but is, ext?r^mely accurate. 



£. Using the level (fig 58) . ' • - , 

' . ' ' ■ * • ' ' '\ 

(1) Checking for true horizontal. Choose the longest level mpst convenient 
for the job. After positioning the l^vel horizontally ort the work, note the 
vial or graduated tube'for proper indication, ' Gro'und glass vial's usually 
have 1 or more etched lines op the glass. For true horizontal, the blibble 
should be'centered between lines; on graduated vials, the prcper indication 
is. dependent on the accuracy required; T^he bubble shofi»<d be centered 
' between divisions on the vial that indicate the desired position of the work. 

(Z) Checking for true vertical. With the le^el'p^aced veVticjklly against the 
workr check for true vertical (plumb) by observing the*posit:ion of t^he 



cross 
vial. 



•vial bubble. The bubble should be centered beHve6n lines cyi the 



• 'V 
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Fi'gure 58. Horizontal and vertical use of the level. 
Care of levels^ 

(1) Test . Place the level on a true horizontal surface and note the vial 
indication. Reverse the level end for end. If the bubble appears on one 
side of the markings with reference to thebperator on the first reading 
and on the other side for the s'econd reading, the level is out of true. 
Place the level against a true vertical surface to check for vertical ac- 
curacy.! Take a reading. Twist the level one«half turn about its verticaf 
axis and reread. If the bubble appears on-the opposite side of the hairline 
with reference to the operator, the level is out of true. 

(2) . Adjustments . On adjustable-type levels, turn the adjusting screw or nut 
, to move the vial "in the desired direction. Tighten adjustment and retest 

on a true horizontal surface. The bubble should be centered between 
markings on the vial. On nonadjustable" metal framfed levels, remove the 
vial-attaching hardware and shim the necessary end of the vial so that 
when retested the bubble is centered and is true. On nonadjustable wood 
framed levels, remove the vial from the Jrame. Set the lev6l on a true 
horizontal surface; spread calcined gypsum and water mixture for a vial 
tube bed; position the vial so that the bubble is centered. Allow gypsum 
to set before removing the level. 

f 

(3) Maintenance . Use levels with caution — do not drop, handle roughly,, 
or use for purposes other than those intended. When not in use, store 
levels in a rack or other suitable place to prevent damage. Make certain 
the storage place is dry. Spread a thin film of rust-preventive compound 
or oil on all metal parts before storage. Remove*-rust-preventive com- 
pound by washing with a suitable cleaning solvent before' reusing. 
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20* SCRIBERS. Scribers are used to mark and lay out a pattern of work to UeTollowed 
in subsequent machining operations, and are made for scribing, scoring, or marking many 
♦ different materials such as glass» steel, aluminum, and copper. 

a. Types of scribers . 

(1) Machinist's scribers. Machinist's single point pocket-type scribers 
(fig 59) have a scriber point made of te^npered high-grade steel and a 
handle of steel tubing that is nickel plated. The point is reversible, 
telescoping intb the knurled handle when not in use. This type scriber 
usually has a IM- or 3/8-inch diameter handle with a point length of 
2-3/8 or 2-7/'8 inches. Bent point scribers are usually 8 to 12 inches 
long with one^ straight point, and one long or one short bent point. Some 
of these scribers are threaded and can be engaged in either end of the 
handle. The long bent ppint is designed for reaching through holes beyond 
a lip or ridge. Portions of these scribers are knurled for firm grip. 




X Figure 59. Types of machinist's scribers. 

(2) Tungsten ca^rbide scribers. These scribers are used to lay out lines on very 
hard materials, such as hardened steel and glass. The scriber point is- 
made of tungsten carbide, a long wearing material, which makes it possible 
to scribe sharp, well defined lines on the hardest materials. Some of these 
scribers are used with an extension in conjunction with a vernier height^ _ 
gage which allows reverse measurements to be taken from the top of the 
bottom side of the gage jaw. This type scriber is hardened, ground, and 
lapped to a point so that a line or series of 1/nes may be drawn and spaced 
as required in the laying out of dies and so forth. 

b^. Using the scribers. , 

(1) Make sure the point of the scriber is sharp. To sharpen, rotate the 
scriber between thumb and forefinger while moving the point back and 
forth on an oilstone. ^ • • , 

(2) Clean work surfaces of all dirt and oiL 

(3) Place the steel rule or straightedge on the work beside the line to be 
scribed. ' 
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(4) Use the fingertips of one hand to hold the rule in position and hold the 
scriber in the other hand as you would a pencil (fig 60). 

(5) Scril^e the line by'drawing the scriber alpng the edge of the rule, at a 45^ 
angle and tipped outward and slightly in the direction it i^ bein§ moved. 




Figure 60. Using the scriber. 

c. Care of scribers . Place a" cork or soft wood over the point of the scriber when ' 
not in use". Coa-t scriber with rust-preventive connpound before storage." Do not throw 
scribers in a drawer with other tools. This practice can cause damage to scribers and 
.injury to personnel. Rack properly or stow in suitable box. Do not use scribers for purpose; 
other than'those intended. ^ . . ^ ' * 

21. RULES, All rules (scales) are used to measure linear dimensions. They are 
read by a comparison c^f the etched lines on the scale with an edge or surface.' Most scale 
dimensions are read with the naked eye, although a .magnifying glass cin be used to read 

graduations on a scale smaller than 1/64 of an inch. 

^ *■ 

a. ' Types of rUles . 

(1) Steel rules. Steel rules (fig 61) are avaiUye from a fraction of an inch 
in»length up to 4 feet or more, but in machine shops the 6-inch pocket 
rule is the one most commonly used. There are also several standard 
systems of gi^aduations. In the English system, rules are graduated in 
lOths, 20ths, 'SOths, and lOOths;, I2ths, 24ths, and 48ths; 14ths, and 28ths, 
axKi I6ths, 32ds, and 64ths of an inch. In the Metric system, rules are^ 
graduated in millimeters and one-half millimeters. Some steel rules 
Jiave four^3cales, two on each side (one graduated in 32ds and the other 
in 64ths), with the scales on the^ti^er sT side running in the opposite 
direction. There^axe rule'a^made that have both an inch scale and milli- 
meter scale, which makes this type rule adaptable to work involving both 
systems of measure. Another feature on some rules' is a scale etched 
across the end of the rule whi^h^facilitates measurement in restricted 
places. 

(a) Flexible rule. A flexible rule (fig 61) is made of thin, tempered spring 
" steel which permits it to be bent over a rounded surface. 
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Fi'gure 61. Types of steel rules. 
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. Figure 62, Short rules and holder. 

(b) Hook rule, A hook rule (fig 61) has a sliding hook which facilitated 
measuring from a shoulder, particularly if the end of'the rule is 
hidden s[o that it cannot be. lined up with the shoulder. The sliding ^ 
hook is also convenient in^ setting calipers and dividers- 

/ • * f 

(c) Short rfales and holders . Short rules with a holder (fig D2)'are 

availai^le for measuring in a recess or in a restricted area. 

(cl) Flexible fillet rule. A flexible fillet rule (fig 61) is used to span fillets 
and corner fills which are frequently in the way when measuring 
flanges, shoulders, and so forth. 
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(e) Koy scat clamps. Key seAt/clanE^ps (fig 63) are made of steel, case- 
hardened, and weight 1 ounce each. They sere designed to transform 
and straight steel rule into a rule that can be used to lay out keyways 
on a cylindrical surface of a shaft, ^ 




Figure 63. Key seat clamp. 

(2) Folding rules . Folding rules {fig 64) are obtainable in wood or metal, 
having 4 to 12 folds, from 2 to 6 feet long ttStal length. These rules 
cannot be relied on for extremely accurate measurements because a 
certain amount of play develops at the joints after they hav"^ bee^i^sed for 
a time. . ' • • 

9 
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(3) - Circumference rule. The circumference , rule (not illustrated) supplied 
by Army ordnance is 36 inches lotig, 1-1/4 inches wide, 1/16 inch thick. 
Both sides are marked with graduations of 1/16 inch on one edge and.l/^ 
inch on^the opposite edge. This rule is capable of measuring a 36-inch 
diameter and 113 inches maximum circumference reading, using a con- 
version s#ale. 

b. U^ing the-r.ule- 

(1) Select proper scale. When using s rule to check a dimension, the proper 
graduated scale should be used to control the* reading of the dimension 
(A, fig 65). If the work being measured lines up between two graduations 
on the scale as shown in B and C, figiire 65. and it is not possible to read 
this dimension to a l/l6 on a 1/ l6-inch scale. ^ 1/32-inch scale should 
be used, and if it is still impossible to read a dimension to a 1/32, a 1/64 
inch scale should be used. 
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Figujre 65. Determining proper,graduated rule, 
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(2) ApplicationflT 

(a) Six»inch rule. It is. good practice to carefully line up the end of the 
rule with the surface from which the measurement is to be taken. 
Figure 66 shows the mechanic holding the part and the rule firmly 
against an angle block. This allows the user to.devote his; entire 
attention to reading'the scale ccjrrectly. Figure 67 illustrates the 
use of a rule in checking the location of a gaging surface from a 
surface plate. The surface plate in this case serves as a common 
base and locates the riile in relation to the surface'on the pa"rt 
measured. 




Figure 68. Using small rule and holder. Figure 69. Using* a narrow rule. 

Short rule and holder . Figure 68 shows how a short steel rule with 
holder may be usefully applied to a^easurement in a recess in- 
, - accessible to the longer type rule. • 
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1^) Narrow rule . ^ The nsirrow rule is used to advantag^e m measuring the' 
depth of a narrow slpt (fig 69). ' . - 

(d) Hook rule. Figure 6S shows apptications of the hook ruler. In one 
^ case, the hook serves to line up the ,end of the rule with the edge of 

the shoulder from which the measurement is taken; the other pase 
shows the hook beiqg used from the sqUare edge of a part. 

(e) Key seat clamps andVule, Figure. 70 illustrates the method of scrib- 
^ ing a line on cylindrical stopk, using key seat clamps and rule. 




Figure 70* Using key seat clamps, rule and scriber. 

c. Care of rules . Goat all steel rules with a rust-preyentive compound or oil 
• before storage. Make certain wood rules are stored in a dry place and are properly 
wrapped to preserv-e the woodr^ Clean rules before and after use, -so that graduations are 
always legible. Periodically, check straightedges against a master surface plate for 
accuracy. The slightest nick wilt result in an incorrect reading. Do*nof use rules for 
purposes other than those intended. ^ 

. * 

22. . TAPES,^ Tapes are used for measuring long distances and circumferences where 
rules- cannot be applied. 

I 

a^. Types of tapes (fig 71) , 

* 

,(I) Steel t^pe. Steel tapes are made from 6 to 100 feet in le;agth. In the 
shorter lengths, they are fr'eq^uently. made with a carved cross section 
so that they are flexible enough to roll up/but remain rigid when extended. 
Long, flat tapes require support over their full length when measurii^g or 
the natural sag will cause an error in reading. 

> (2) . Tape rule. The tape rule is a ribbon of flexible steel that is wound into 
k flat metal case by pressing a button or pushing it in by hand. A- hook 
is provided at one end to hook over the object being measured so that. one ' 
^man can handle it without assistance. On some models, the outside of the 
case can be used as one end of the tape when measuring inside dimensions. 

r 
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STEEL TAPE 

Figure 71. Tapes. 
Care ot>.tapes . 

(1) ^ Tapes should be handled carefully and kept lightly oiled to prevent rust. 

Never aUo\v the edges of measuring devices to become nicked by striking 
tiiem with hard objects,.^ .TKey should preferably be kept in a wooden box 
wh^n not in use. 

ff 

• /" 

(2) To avoid kinking tapes, pull them straight out. from their cases — do not 
bend them backward. With the windup type, always t^rn the crank 
clockwise — turning vf backward will kink or break the tape. With the 
spr|.ng-wind type, guide the ta{>e by hand. If it is allowed to sna'p^back, 
t may be kihk^jd, twisted, or otherwise damaged. 

Z3. SQUARES^ Thfe purpose of a squar*- is to test work for squareness and trueness 
It is also used as a guide when marking wor for subsequent machining, sawing, planing, 
and chiseling operajtions. 

a, Types of squares. There are several types of squares used in woodwork and 
metalwork. 



COMMON 
TRY 




Figure .72. Types of squares. 
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(1) Try squarjg« The common try square (fig 72) consists of two parts at 
right angfes to each other: a thick wood or iron stock and a thin steel 
blade. The best try squares are made with the blades graduated in inches 
arid fractions an inch. The blade length varies from 2 inches to 12 
inches. This square is used f,or setting or checking lines or surfaces 
which have to be at right angles to each other. 

(2) Combination squarea cyr sets* . * 

(a) The combination try square shown in figure 72 consists of a square 
sliding head and a grooved steel rule. JTh^ square head has a spirit 
level. The steel rule usually has four graduated scales: 1/64, 1/32,*^ 
l/l6, and 1/8 inch. The rule is rembvabl.e^ permitting the head to • 
be used as an ordinary level. It is possible to use this c"b*mb:nation 
square to square a piece with a 'surface and, at the same time, de- 
termine whether one or the other is plumb. using the miter, it is 
possible to lay out 45° and 90^ angles. This square can also be used 
as a depth gage. 

(b^) By adding a center head on the combination try square, another 
combination is formed. By substituting the center head for the 
square head, a center square is obtained for finding the centerline 
of cylindrical objects. The center headjs slotted so that the rule, 
, when inserted, bisects the 90*^ angle. When used this way, the 

measuring surfaces become tangent to the circumference of cylindrical - 
work. 

\ 

(cj The combination square set shown in figure 73 includes a protractor 
in addition to the square and center heads. The protractor can be 
inserted in the steel rule in the same manner as the square and center 
heads. The revolving turret can be graduated in degrees from'O to 
18Q or to 90 in either direction. The square head contains a spirit 
level to facilitate the measuring of angles in r^ation to the horizontal 
or vertical plane. The protrStctor controls the accuracy gf measuring C 
. ^nd laying out angles within 1°. Some pir.otractor heads have a ^' 
shoulder extending from only one side of the blacie, and these are f ' ^he: 
known as "single, " "plain, " or "not reversible. ^' Others have a / 
shoullier eftctending from both sides and are known as "double" or / 
"revejrsiblfe" protractors. This combination square set takes the / 
place of a whole set of common tools capable of serving as a height 
gage, bevel protractor, level, steel rule, depth gage, marking g^ge, 
and plumb. "-^ 

(3) Bevel protractor . A bevel protractor (fig 74) consists of an adjustable 
blade with a graduated dial. The blade is usually 12 inches long and 1/16 
inch thick. The dial is graduated in degrees through a complete circle of , 
360*^. This protractor is equipped with an acute angle attachment which 

is used in measuring extremely small angles. 
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Use of squares. 



(1) Try square . = ' ' • 

'(a) The' try square is used constantly for laying out and'to determine 
whether edges and 'ends are true with adjoining edges and with the 
face o£ the work after it his been sawed, planed, or chiseled. 
Figure 75 illustrates several uses of the try square where faces 
have to be at right an'feies to each other. A reference plane such as 
a surface plate or a machined, sawed, planed, or chiseled surface 
of the work is essential to its use. As shown in E. figure 75, a 
thickness or feeler gage is used to check the squareness of a surface 
which cannot touch the blade of the square. When the try squar^^al- 
Iow3 no light to show (A and B, fig 75), work is square and true. ' 
When light showsJC and D, fig 75), work is not square. 




NO 
IICHT 



BUOE 



WORK SQUARE 




UGtIT 




1 THtCKNESS 
sGAGE 



.(b) 



WOtK NOT SQUAW 



Figure 75. 




Using a try square. ; 

When a board is to be /cut, planed, br chiseled square, a.-guidehn^e 
must be marked across its surface. The guidejLine must be exactly 
at the required point and must be square with the edges. If thrf* bpard 
is too wide for the try square, use the carpenter's squar^. Pre*-a? 
the stock of the try square firmly against the edge of the board with 
one hand and mark the guideline along the blade with a pencil in the 
other hand. 
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{£) To square a lino around a board, mark one edge and^one face of the 

board with an X no that they- can be distinguished readily as the working 
cri^f ajul la^c. St|.itarc a linr^'fTc^in the working cd^ic a\ ross the*faoc» 
^ by holding the stock oX the squa>6- firmly against the working edge 
and marking a line across the tace. Then square a Tine across each 
edge; turn the board over and square a line across the opposite face. - 
The edge of the board mu.st be perfectly squajre to prevent the square 
from rocking. Use a carpenter's square if the board is too wide for - ' 
a try square. 

(2) Combination square. Figure 7*6, illustrates various applications of a 
combination square. Loosen the knurled nut on the head and slide the 
head along the blade to the desired position. Tighten'nut and place the 
particular head and blade in position on, the work. Asdllustrated, the 
combination square is a versatile unit having,many varied uses. Figure 
77 shows the protractor head being used to check the angle of a la.the way. 
By setting the head at a definite angle, t;he variation can be measured by 
using thickness or feeler gages between the blade and the face of the way. 




AS A HEIGHT GAG£ AS A D€FTH GAGS «A PO 257505 



Figure 76. Various uses of combination square. 
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Figure 77. /Using pr6tractor^ head. 



Bevel protracterf Laying out .precision angles is the primary function 
of this tool. The, tool can be laid flat upon pap^r or work. The vernier 
scAle is used for accuratd-aiigle adjustments, and reads to 5 minutes or 
1/12°. The dial is held rigiply in position and the blade can be moved 



back and forth and clamp^ : 



idependently of the dial*. 



{ay Reading the protreLjwLsr vernier scale . The protractor vernier scale 



indicates every -5 - 
sc^le is 5 minatei 
zero %9^ij^^^*^e> 
main scale^ Ifne reaC 
78. >.When the zero 
a graduation on the 
does coincide indies 
5 minutes to be ac 
ing in B, figure 78, 



Lutes 



I 



(5') or 1/12". Each Space on the vernier 
th^n two spaces on the main scale. When the 
cale exactly coincides with a graduation on the 
ng is in exact degrees, as shown in A, figure 
the vernier scale does .not exactly (Coincide with 
'ip. scale, ^Ee graduation on the vernier that 
i th^ number of*12ths*of a degree or unit^ of 
d to the whole degree reading.' Example: Read- 
shows the zero on theivernier between 12^ and 

13° on the-main scale. Counting to th# right from 0 on the.jnain^ ^ 

scale, the 0 on theivernier, has therefore moved 12 whole deg'rees. 
Reading in the same direction (to the right)/^note that the 10th line o: 
e vernier exactly coincides with a line on* the main scale. The 10th 
Ine of the vernier indixiate'e 50'minutes (50'), since each line indicate-s 
S minutes. Now ad4^pO minutes to" the 12° and the tin^I reading i-s 12° 
"0 minutes. Si nee- tM., spaces; both on the main scale^and on^the 
vernier scale, are/<fumbered both to the right an^l left^«lto^.>,ero, any 
"size angl^e pan be r^ieaaurcd. The readings catAbe taken either to th^^ 
Lt,, acciording to the direction in wJiichXhr 0 on the vtirnior 
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figure 79. Using, bevel protractor.' 
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(b) Application . A. figure 7'-^, shows the bevel protra-tor being used 
to m^jasure-the angular clearance on a rin<^ ^ar The bevel 
protractor can be used to establish arcU- an'i detemine its 
relationship to other surfaces as shown in B. imure The acute 

angle attachment is attached to the slotte i oxcensiom^* the dial and 
is used as shown in C, figure 79, tp accurately n^easure acute angles 



c. Care of squares. Make certain the blades, heads, aials and all accessories 
are kept "clean. Apply a light coa: of oil'on all machined surfaces to prevent rusting y.hen 
not in use. Do not use try squares or miter heads for purposes other than those intenced 
♦A try square ^ith adipose handle is a useless tool. When storina scjuares or bevels for long 
periods of time» apply a liberal amount of oil or rust-preventive; con. pound to all sur:aces 
wrap in oiled paper, and place in individual containers or on racks. 

24. DIVIDERS. ' Divicor» are usea tor meas.;r\nu distanc;j>*<Jt?t\veen two points :or* 
transiernng or comparing -r.oa suroments directly :rom a rule, or ior scribing 'in arc. 
radius, or circle. • ■ / ^* 

a. Types of dividers. 

(1) Spring divider. A spring dividej: (fig 80) consists of two sharp points 

at the end oi straight legs h'eld apart by a spring and adjusted by -r.eans 
of a screw and nut. ^he spring divider is available in sizes fro*m 3 to 1 0 
inches in length 




SKIING 



*^ Figure 80. Dmders,' 

(2) Wirrg divider . A w^ing-type divider (fig 80) has a stejel bar that separates 
- \ . the legs, a locking nut for securing a .rough measurement, and an adjust- 
ing screw for fine adjustments;. , The wmg-type divider is available- in 6-, 
8-, and IZ-mch lengths.. improved version of this type has the tip-o: 
one leg removable so that^ pencil can be inserted. \ 

b. Use of dividers. In.setting*a divider-to a dimension on-at' scale. th,e usu^l 
procedurT is to locate one »point m one of the inch graduations of the rule and to adjust 
. the nut or screw so that the othe'r point falls easily into the correct graduation (.A. fig SM 



Note, 



set tp end of rule. 



Make certain the points of the divider are not blunt (B. fig 81). /'A'hen transferring 
dimension from ae^part or tool to the scale on a*rulfe. use the same care m adjusting ^ 
p6ints O't the dividers/ ma> mg sure that there is no pressure tending to spring tne points 
either in or out.. IlUstrated in C. tigure'Sl.' is a mechaYiic scribing a radius on a die block 
he is layinji out. ^ ' • * ✓ w * 
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Figure 81. Using dividers. 



c. Care of dividers. Never use a divider for a purpose other than that for 
which it was intended. Never pile these tpols in a drawer. Never force dividers beyond 
their capacity or setting. Never use these tools incorrectly— changing settings by hammer- 
ing instead of loosening a clamping screw or nut, bearing down too hard when scribing with 
a divider, or wearing measuring surfaces unnecessarily by using a heavy' measuring pressure 
Apply a protective film of oil to tools when not in use. , 

' 25. CALIPERS. Calipers are used for measuring diameters and distances, or for* 
comparing dimensions or sizes with standards such as a graduated rule. 

a. Types of calipers. 

(1) Outside calipers^ Outside calipers (fig*^82Kare used to measure distances 



over and around 
a rule. Several 



adjacent surfaces and to transfer the measurements to 
types are made in different sizes to accommodate a wide 
range in measuijerftents. The size of the caliper is expressed in ^^^s 
of the maximum dimension it is capable of measuring. A 3-inch caliper, 
for example, wi: 1 measure a dTstanceXjf 3 inches. Actually, the maximum 
capacity of the caliper will be greater, often as much as one-third. ^ 
This- means that a 3-inch caliper will actually measure up to 4 inches, 
however, it is not recammenried that you use a 3-inch caliper to measure 
4 inches, since you m^y spring the legs resulting in an inaccurate 
.measurement. \ | * 4 
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(2) 



Figure 82. Calipers — noncalibrated. " 

Inside calipers. Inside calipers (fig 82) have the same general function 
as outside calipers, except, that where the latter are used in measuring 
distances over outside surfattes. the inside caliper is used in measuring 
distances between inside Surfaces. The points are rounded so that they* 
ar,e slightly ball-shapB'd. This ball shape establishes the point of contact, 
and in inside calipering where the surfaces are Ijkely to have an inside 
curvature an error may occur ^ii the radius of the hole being calipered is 
less than the radius of the points. Some inside'caliper s are equipped 
within adjusting screw on one leg which provides a fine adjustment of 
th^"|B§iper legs. 

-(a,) Spring caliper. 

1, The spring caliper is available in sizes from 2 to 8 inches. 
T^he friction of the adjusting nut and s^rew works^agaLnst the 
tension of the spring whibh holas the legs tn any set ppsition. 

, This type of \nn\de caliper is known as the toolmaker/s spring 
caliper, . / 

2, Thread spring calipers a^e used to measure diameter and 
distances in tapped holes. The ei^ds of the legs of thread 
calipers are shaped- to a fine point so that exact contact may 
be made between threads. * 
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(b) 



Firm joint caliper . The firm joint type is availabl^n a number o£ 
sizes from 3 to 24 inches^ This type of caliper is equipped w-ith a 
nut and stud that provides sufficient friction to hold the legs in any 
set position. Some of this type caliper are equipped with an.adjust- 
ing screw for fine adjustrnents. 

TTanafe.r 'firm^'l^-ttt fcaliper. Inside transfer firm'joint calipers are' 
Shaped for'inside q}e.aaurements and are'^^ed for measuring recesses 
where the seting cannot 'be tra'nsfe^r^ed to a sce^le directly because 
* . the legs must be collapsed to remove them'froi^ the wor^^., 
''" ' ' - " ' ':h 

^ Hermaphrodite calipers. Hermaphrodite calipers (fig 82) are a cross ^ 
between a divider and an inside caliper, having one leg each. These 
calipers are use^ lor scribing parallel lines from an edge or for locating 
the center oi cylindrical^wotk. Some are equipped with an ^jUstable ^ 
point. ^ ' ' 

Trammels . A trammel is a tool used for the same purposes ias a divider 
or caliper, but usually fc?r distances beyond the range of either of these 
t%0o instruments. A steel beam trammel with' all of the attachments 
required in measuring and layout work is shown in figure 83. The 
lastrument consists of a rod or beam to which trafns may be clampeji. 
These steel beams will range in lengtli from 9\o 20 inches, but may,be' 
'increased further through the use of extensions\ Longer beams are often 
made of wood. The trams carry spring chucks in which divider points, 
caliper points, and ball points may be inserted so that the'trammel may 
be readily converted from a divider to an outside or insi.de caliper or to 
a hexmaphrodite caliper. Ball points are used to position a tram in' the 
center of a hole. By using different size balls or.V-points, it is possible 
to position the tram in any size hole up to 1-1/2 inches in diameter., On 
top of the trams 5ire knurled handles which swivel so that the handles may 
be gripped firmly when describing a circle or an arc. An adjusting screw 
is, provided on one of the trams which permit^ a fine adjustn^ent of the 
poir)ts, ( 
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Figure 83.^Tran>mel set. 
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(5) Vernie'r calipers . This type oi caliper utilizes ,the vernier scale. The 
vernier scale consists of a short auxiliary scale usually having one more 
graduation in the -^ame length as the longer nnain scale. The vernier 
caliper (lig 84) consists of an^L-shaped frame, the end of which is fixed 
;aw; the long arm of the L is inscribed v/ith the main tr le scale or fixed 
scale. The sliding jaw carries the vernier scale on either side. The scale 
on the front siHe is for outside measurements; the scale on the back is for 
^ ^ inside measurements. On some vernier calipers, the metric syste.m of 
I measurement is placed on the back -side of the caliper in lieu of a scale 
'used for inside measurements. In such^cases, you must add the thickness 
of the nibs to the reading when making inside measurements. The tips of 
the jaws are formed so that inside measurements can be taken. ' The thick- 
ness of the measuring points is automatically compensated for on the^inside 
scale. -Th«' length of the jaws will range from 1-1/4 inches to 3-1/2 inches. 
- and fhe nn?inimum inside measurement with. the smallest caliper is 1/4 inch 
or 6 -rnillimeters. Vernier calipers are made in standard sizes of 6, 12, 
23, 36 and 48 inches, and 130, 300, oOO and 900 millimeters. The jaws 
of all vernier calipers, except the larger sizes, have two center points, 
. which are particularly useful in setting divider*^ to exact dimensions. 




Figure 84. Calipers — calibrated. * 



(^l) Slide caliper. . The slide caliper (fig 84) has one fixed jaw and one sliding 
jav7. When the two jaws are brought in contl^i^^th surfaces to be mca-sur- 
ed, the distance between the surfaces may be read from the scale. The 
ends of the; jaws are so shajJed ±hat it is possible td' measure both inside 
^ and outside surfaxres. Slide calipers are usually made in 3-im:lrsizes, 
although larger size calipers are available, ^h'e standart^ 3-inch slide 
caliper will measure from 0 to about 1 inches outside, and from 1/8 inch ' • 
to a little more than 2 inches inside. The caliper ahown has a mark or ^ 
graduation'^fine on the fixed jaw which* -c:nablos the u^er to -rea4 the irtsnilc. . 

. ' " ' * " , ' ■. I OS 424, 4-Pi^8 r 



measure," -vhile the oatside measure can be read from the inner edge o£ 
the fixed jaw directly. U thuse marks were not on the slide caliper', it 
would be necessary to add the thickness o£ the nibs to the reading when 
using it as an inside caliper. Atl slide calipers are equipped with a lock- 
ing device which rnakes it possible to hold the jaws in any desired position. 

Use of calipers. - 

(1) Outside calipers. A caliper is usually used in either of two ways. Either 
the caliper is set to the^dimensiop of the work and the dimension transferred 
to a scale, or the caliper is set on a scale and the work machined ^ntil it 
checks with the dimension set up on the caliper. To adjust an outside 

, caliper to a scale dimension, one leg of the caliper should be held firmly 
against one end of the. scale and the other leg adjusted to the desired 
dimension, as shown in A, figure 85. To adjust the outside caliper to the 
work, opeh the legs wider than the work and then bring them down to the 
work! A sense of feel must be acquired to use calipers properly. This ^ 
comes through practice and care in using the tool to eliminate the possibility 
of error. Always position the caliper properly on the axis of the work, as 
shown in B, figure 35. 
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Figure 85.. Using outside calipers. 
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eMb The .inside caliper is set to a dimension by placing the 
tle^n 



(2) Inside calipel 

ccd of a scale'^nd one point^of the caliper against a solid surface and 
adjusting the other leg to the proper graduation, as shown in A, figure 86. 
The spring caliper is shown being used to check-the inside diameter of a 
bored hole in B, figure 86. Figure 37 illustrates the correct and incorrect 
positioning of the calipers with relation to the axis of the work. The trans- 
fer feajture of the caliper is illustrated in fig^ure 38. Nate that the diameter 
being used is recessed and that the setting cannot be transferred to a scale 
directly because the legs must be collap*sed to get them out of the work. 
The setting must be reproduced after the calipers are removed, f Figure 
89 shows how a micrometer can be used to transfer a dimension from an 
inside spring caliper. 
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"Figure -86. Setting and usihg inside caliper . 
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Figure 97 Xr*o6itio*r\ing*of inside calipers. 
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Figure 88. Using a transfer caliper t<> n^oAtur-.- rccosic^i di^^i- 
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^ Figure S9. Transferring dimensioh to micrvometer. 

(3) Hermaphrodite calip^ei^s. The hermaphrodite. <:afiper is adjusted »nri set 
in the same manner as the outside and inside caliper, depo.idi'^.g :i th*-' 
position and use of the caliper leg, as shown in figure 90; 

(4]^Trammel. The trammel set is used for the same purposes as a dividt?r 



or caliper, but usually for distances beyond the range of eit.'ier one. 
Figure 9 I, shows the trammel /vith caliper p.oant scribing an arc or estahlish- 
mg a distance from the edge cn a machined part. The divider point and ball 
point are illustrated in use in iigure 92. HereT the machinist porihing - 
distances from precise center of hole already drilled. 



(5) 4 Vernier caliper. 



i 



(a^) Reading vernier caliper .- The vernier caliper permits procicc 
accurate, readings by means orche graduated steel, rule and the 
movable jaw which carries the* vernier scale. In order to see the 
vernier caliper, a thorough understanding of the vernier scale and 
how to read it are essential. • 
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92. Using trammel wi1;h divider and ball poi-nts. 

The .steel ruje of the caliper is graduated in fortieths or 0.025 
of an inch. Every fourth division, representing a tenth of an 
inch, is numbere'd, as shown in the enlarged view on figure 93. 
The vernier scale is divided into 25 parts and numbered 0, 5, 
10, 15,' 10, and 25. These 25 parts are equal to and occupy the 



same spaWas 24 parts on the tule. The difference between the 
^ width of one of the 25 spaces on the vernier scale'and one of the 
24 spaces on the rule is 1/25 of 1/40, or 1/ 1000 of an ifich. If the 
tool is set so that the 0 line on the vernier coincides with the 0 
line on the rule, the line to the right of 0 on the vernier scale will 
differ from the line to the right of 0 onl:he rule by 1/1000 of an 
inch; the second line by 2/1000 of an inch; and so on. The 
difference will continue to increase 1/lOOQ of an inch for each ^ 
division until the line 25 on the vernier scale coincides .with the 
line 24 on the rule. To read the scales, note how many inches, 
tenths (or 0. 100). and fortieths (or 0. 025) the mark 0 on the vernier 
scale is from 0 mark on the rule; then note the number of 'divisions 
on the vernier scale from 0 to a line whiciT exactly coincides with 
a line on thX rule. < 

For example. A, figure 93, shows the 0 mark of the vernier scale 
coincidfing with a line on the rule. In this cise, the vernier scale 
is not necessary-since there is.no fractional part of a space to 
determine. The reading. is 2. 350. The-O mark on the' vernier sc^ale. 
as 5hown in B. figure*9*3, coincides with a fractional part of a 
a|)ace on the rule. The reading is 2. 35 plus a fraction of the 
space on the rule. In order to determine what fractio.nal part of 
a whole rule division, or how many thousands are to be added to ^ 
the 2. 35- reading, it is necessary to find the line on the vernier 
scale that exactly coiticides with the line on the rule. In this ca.se 
the line coincides-at the I8th mark. This; indicates 18/25 o£ a 
whole space. ^Since each spa^ce on the rule equals 0. 025 inch, this 
part of a space is ecual^ to, 0. 018 inch, and the total readin"^ is 
5. 35 plus 0. 018, or'2. 368 inches. 
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3. Vernier scales are not necessarily 25 divisions long; they may 
have any number of units. For example, the ten-thousandths 
micrometer has a vernier scale of only ten divisions. 
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Figure 93. ^Reading a vernier scale. 
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Applications . The vernier caliper has a vvide range of m^asureWient 
applications, and the shape of the measuring jaws and their position' 
vAth respect to the scale makes this tool more adaptable than a micro 
meter'. , However, $he vernier-xaliper does not hitve the accuracy of a. 
micrometer. In ai^y 1 ipch of its length.- a vernier caliper should be 
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accurate within 0.001 inch, iin any 12 Inches, it should be accurate 
within 0. 002 inch and inci;:^^ase about 0. 001 for every additional 12 
inches. The accuracy of measurements made wUh a vernier caliper* 
is dependent on the user*s ability to feel the measurement, Because 
the jaws are long, and because there is the possibility of some play 
in the adjustable jaw, especially if an excessive measuring pressure 
is used, it is necessary to develop an ability to handle the vernier 
caliper. This touch may be acquired by measuring such Known stand- 

as gage blocks and plug gag^s. Applications of tffe vernier 
calipers are shown in figure 94. In A, a machinist is checking the 
outside diameter of a part. One hand holds the stationary jaw to 
locate it, while the other hand operates the adjusting nut and moves 
the sliding jaw to th6 work. The same procedure is used m B in 
checking the inside dimension. 




A —MEASURING OUTStOC DtAMETEIt 




B — MCASUR1H6' iHMl PIAMmR 
Figure 94. Using a vernier caliper. 



(6)- Slide caliper . All slide calipers are equipped'^wTth a locking or clamping 
device, which makes It possible to hold the jaws in any desired position. 
Outside dimensions are' taken off the graduated scale line'that matches the 
inner edge of the fixed ja^v. Inside dimejisions are read opposite the mark 

\ • or graduation line on the fixed.ja"^Ar ~ - . ^ ^ 



Care of caliper s\ ' , 

(1) The information in 24^^ above on the ctre of the divider is also applicable 
to the care- of calipers and trammels. * Specific information on the care of 
vernier calipers is in (2) below. 
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cahper is mostly at the tip, where most measurements are r^de T" 
'. certain amount of this wear mi V K» ^ ^ ^ments are made. A 

• • .-itself. ThisscaleTsm?tiLr^t "''P''y^^j"»*^'^«^^^"«i«^cale 

V 

preceding a/ction. accurate than the calipers discussed in th,r* 

>d,u,.„,„, „„„i„g „.a,„tog accuracy, ^ = ' pr.cl,i„„. 



screw 



(1) Micrometer caliper. 



ANV'L 



(a) The micrometer caliper (fie 95\ ic fho 

n ^ 1 . . ^ ^ ^ ' ^'^^ "^^^^ common type. It has a 



STOP 




Figure 95; Micrometer caliper, cutaway 



view. 
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(b) The fr^me can be smalUr to the extent ^that the range of the caliper 
is or\ly O.to 1/2 inch or 0 tJb 13 millirtieters., dr it can be^lai'ger so 
that the range is 23'to 24 inches*. '.The head has a constant range of 
„ 0 to I jnch. The shape of the frAmk may be \'^ried to aaapt^t to the 
physical requirements of sonie types- of- work. F'dr example: 

U The frame back of thtf anvil may be cut away to alloy the anvil, 
to be placed^in a^narrow slot. *. ^ \ * . > . 

2. The frame rnay have a deep throat to permit it to reacl? into center 
sections oJf a sheet (she^t metal or paper gage), 

3. The frame ma'y be In the form-t>f a bas^e so that the gage can be 
used as a bench micrometer. ^ ' % 

,The frame may have a^wooden handle ^nd /riay be oi extla-heavy 
•cons'truction for u«e' in a steel mill for gaging hot sheet metal. 

(c) The spindle and anvil may va^ry in design to accommodate special 
physical requirements. For example: 

J^. The spindle and anvil may be chamfered so that the gage can 
» slide on and off tiie work easily, as wh^n gaging hot metaK 

2. The ball-shaped anvil is convenient in measuring the thickness of 
a pipe section of 'small diameter. 



2- Th^ V-shap^i^^d anvil is necessany on the screw thread mic*rometer 
caliper to mesh properly with the screw thread. The spindle of 
the screw t^iread micrometer is cone-shaped. This^micrdmeter 
• * meaisures the pitch diameter. 

4. The interchangeable anvils of v§.riou8 lengths' make it passible 

to reduce the range of the caliper', A micrometer having a range 
from 5 tp 6 inches carl be changed .to one having a 4 to 5, or 3 to 
4-ihch rapge by in^sflTrting a 3p?k^cial anvil of the proper length. 

Inside micrometers. ' Inside mtcrameters are used to measure injside 
'dimensions. The minimum dimension that can be checked is determined 
by the length of the unit with il,s shortest anvil, in place and the screw set 
up to zero. It consists of an ordinary micrometer head, exceptithat the 
outer end of the sleeve 'carries a contact point attached to a measuring rod.' 
The average inside micrometer set (fig 96) has a range that extends from 
2 to ID inches. The*various steps m covering this range afe obtained by 
means of extension rods. The mic/ometer set may^also contain^ collar 
for splitting the ihch step between two rod^. The collar, which is 1/2 \hch 
long; extends the rod another half inch so^that the range of each step can 
be made to overlap the next. The range of the micrometer screw itself is 
very ^hort when compared to its measuring ra-nge. The smallest models • 
have a I /4-inch screw, the ajera^e have a !/2-inch acrew, and the largest 
inside micrometers have only a I -inch* screwr' ^ ^ • ( * 
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# Figure 96. Inside micrometer set. 

b. M ec)\anics of' r.^icromt^ters . • * - - ^' ^ • 

(I) Ds^sicr./ Th(- micrometer (Jfig 95) makes use of th£ relation of the cir/:ular 
movement of a screw to its axial movement. The amount of axial move- 
r,\ont of a screw pfer revolution depends on the thread, and is kno^^ as the ^ 
lead, i: a ^ircula^r Jiut on a screw h^^ its circumference divided into 25 
.Kiual -paces, and if the nut advances'^axially l/4q inch for each revolution,, 
th.jr» u It turned one division, or 1/25 of a revoluti>in. it wil,l move 
axially 1/25 x 1/40, or 1/1000 of an inch. In the micAome'ter th^ nut is y 
stationary and the screw moves forward axially a distance proportional to 
. the amount it is turne'd. The screw on a micrometer has 40 threads to the 
inch, a-^d tho thimble has its circumference divided into 23 parts, so 1 
aV::,;c/. on the thimble represents an advancement of 1/1000 of an inch ' ^ 
r -:)iaUv , ' , ' 

'^^^ ^'^i^stTuclion. .. I . sj 

(a) Th€* steel frame is U-shaped, one end of which holds the stationary 
anvil. The stationary anvil is a hardened button either pressed. or 

screv/ed into the frame. ^• 

- • • 

' ' (t>) Th|^teel spindle is actually the unthreadjed part of the screw. . It is 

^ the spindle that advances or retracts to open or iclose the open sfde of 

the U-frame. The spindle bearing is a plain bearing and a pa-rt of the 
♦ ^ frame. 

(c) The 'hollow' barrel extends from this bearing, and on the side of the 
" barrel IS the micrometer ^cale, which is graduated in tenths of an^ 
inch, which are in'tturn divided into subdivisions of 0. 025 inch. Tlie ^ 
^mi of the barrel supports the nut which engages the screw. This nut 
^ is slotted and its'outer surface has a taper thread and nut which 

makes it possible to. adjust the diameter of the slotted nut within limits 
to ronipt-nsate for wear. ^ . " 



erJc 



OS 4'^'4, 4-P78 



(d) The thimble is attached to the screw and is a- sleeve that fits over 

the \j^rel. The front edge of the thimble* carries a scale broken down 
into 25 parts. This scale indicates paVts of a revolution,, where the 
scale on the barrel indicates the numbett-^of revolutions. The.thimUle 
is connected to the screw through a sleAve that permits it to be slipped 
in relation ta the screw far the purpose of adjustment. The inner 
sleeve is sweated to the screw. The outer sleeve is clamped to the 
inner one by the thimble cap. Loosening the cap makes it possible to 
slip one in relation to the other. 

(e) On top of the thimble cap there may be a r?itchet. This de'vice 
consists of an overriding clutch held together by a spring in such a 
way GtSt when the spindle is brought up against the*work, -the clutch 
will slip when the correct measuring pressure is reached. The purpose 
of the ratchet is to eliminate any difference in personal touch ani so 
reduce the possibility of error due to a lUfference in measuring ' 
pressure. Not all micrometers have ratchets. 

(f) The clamp ring or locknut is located in the center of the spindle 
bearing on those micrometers equipped with it. This clamping makes 
it^ossible to Ibci. the spindle in any position to preserve a setting. ' 

Use of micrometers . 

/ 

(1) Reading- standard micrometer. Reading a micrometer is only a matter of 
reading the micrometer scale or counting the revolutions of the thimble 
and adding to this any fraction of a revolution. The micrometer screw has 
40 threads per inch. This means that one complete and exact revolution 
of^e micrometer screw moves the spindle away from or towards the 
anvil exactly 0. 025 inch. The lines on the barrel (fig 97) conform to the 
pitch of the micrometer screw, each lin^ indicating 0. 02 5 inch, and each 
fourth line being numbered 1, 2, 3, and so forth. The beveled edge of the 
V thimble is graduated Into 25 parts, each line indicating 0. 001 inch, 1/25 
of the 0. 025 inch covered by one complete and exact revolution of the 
thimble. Every fifth line on the thimble is numbered to read a measure- 
ment in thousandths of^an inch^. Read the measurement shown in* figure 97 
as indicated ;^n (£) through (d) below. 

(ai) Record highest ^ ' 
figure visible 

on barrel .jf 2 = 0. 2d\) in 



(b) Number of lines 

visible between the • 
^No,2 and thimble 

'edge 11= 0.025 in 



The line on the thimble 
that coincides with or 
has passend the 
revolution or long line 
in the barrel 16 = 0. 016 in 



(d) Measurement . ^ 

* reading TOTAL, = 0.241 in 



OS 424, 4-P?9 



196 





QMSXH, t 

THtMKE 
. (0^)4 IN) 

RA ro 7S75U 



Figure 97. Reading standard micrometer scale. 

(2) Reading metric micrometer . The same principle is applied in reading 

the rrietric g2;§iduated micrometer, but the following changes ifi graduations 
should be noted to avoid confusion: ^ 

^(a) The pitch of the micrometer screw is 0. 5mm.' One revolution of the 
spindle advances or withdraws the screw a distance equal to 0. 5mm. 

(b) The barrel is graduated in millimeters, from 0 to 25; it takes two 
revolutions of the spindle to move 1-mm. / 

(c) . The thimble is graduat'ed in 50 divisions with every fifth line being 

numbered.^ 

(d) Rotating the thimble ^from one graduation to the next moves the spindle 
7" 1/50 of 0.5mm, or 1/lOOmm. Two graduations equal 2/lOOmm, and 

so forth. 



(3) Adjusting micrometer caliper to work . ^ 

A, figure 98, shows, the proper way to hold a micrometer caliper in 
.checking a small part. Hold the part in one hand. Hold the micro- 
meter in the other hand so that the thimble rests between the thumb 
and the forefinger. ^ The third finger is then in a position to hold the 
frame against the palm of the hand. The frame is supported in this 
manner and makes it easy to guide the work over the anviU The 
thumb and forefinger ate in position to turn the thimble either directly 
or through the ratchet and bring th,e spindle over against the work. 



(b) On larger work, 'il is necessary to have the work stationaryand 
^ positioned to permit accessto the micrometer. The prope'rmethod 
of holding a micrometer when checking a part too larg^ to be held in 
one hand is shown in B, figure 98. The frame is held by one hand to 
position it and to locate it square to the measured surfacje. The other 
hand operates the thimble either directly or through the ratchet. 'A 
large flat part should be checked in several places to determine the 
amount' of variation. 
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* Figure 98. Using outside micrometer. 

To gage a shaft as, shown in C, figure 98, the'frame is^held by one 
hand while the thimble is oj)erated by the other. In gaging a cylindrical 
j5art with a micrometer it necessary to '*feel'* the setting to be sure 
.that the spindle' is ori the diameter, and also to check the diameter in 
several places to* determine the amount of but-of-roundness. 

For" measAiring- very ^arge diameters, micrometer calipers are made/ 
in various sizes up to 168 inches, Figure 99 shows a pulley being 
checked with a microrn^^r whose range has been reduced by a special 
anvil which has been scr^^e^ into .the frame. A set of different length 
anvils permits the use/6f this micrometer over a wide*range of sizes; 
yet the spindle ^ly moves 1 inch. This micrometer ha^ been lightened' 
in weight by the I- section construction an^ by boring holes in the frame. 



r 



OS 42"4, 4-P81 



193 



• If I 



) . 



FftAME 




Figure 99. Checking diameter of pulley. 

(4) Using inside micrometer . The normal procedure in using an inside 
micrometer is to set it across a diameter or between the inside surfaces, 
remote it, and then read the dimension. For this reason, the thimble on 
an inside micrometer is much stiffer than on a micrometer caliper — it 
holds the diznension well. It is good pra^ctice to verify the reading of an 
insid^ micrometer by meas\3^ring it with a micrometer caliper;^ 

■(a^) Figure 100 shows an inside rnicrometer with extension rod being used 
to check the diameter of a bored hole. Note the arrows which indicate 
the direction the operator is feeling for the 'largest dimension ^ 
horizontally and the smallest dimension vertically. Inside micro- 
meters'have spherical contact points which require more practice to 
"feel*' the full diametral measurement. Oi}£ ^o^tact point is generally 
held in a fixed position and the othesv rocked in different directions to ' 
be sure the tool is spanning the true diameter pf a hole or the correct 
width of a slot. ... . 

(b) For p'robing a deep hole or in a restricted place, a handle attachment 
may be used. The handle clamps on to tjhe body of the micrometer. 

(5) Transferring measurements from inside caliper or inside micrometer to 
micrometer caliper, 

(a) After setting' the inside caliper or inside micrometer to the work, hold 
' th« fx^icrometer caliper in one hand and the inside tool in the other 

hand. ^ 
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Figure 100. Using inside micrometer with extension rod. 



(b) Turn the thimble of the mici'ometer^ caliper 

forefinger until you feel the inside tool legs lightly 
and spindly of the micronAftter caliper. 



■ i 

witlMhe thumb 
lighUy contact 



and 

the anvil 



(£) Hold the tips of the inside t.ool legs parallel to the axis of the micro- 
^etef" caliper spindle. 

^ * "^^^ micrometer caliper will be accurately set when the inside tool 

, will just pass betweeA the anvil and spindle by'its own weight. 

Care of ^micrometers ^ To maintain a micrometer in good condition and to ^ 
preserve the accuracy of its measurerrtents, observe the iol I owing rules of good practice^ 
and adjusting procedures: ' 

(1) Never store a microTneter with its anvil and spindle closed* Flat surfaces 
' , _ wrung together for^ny length oi time tend to corrode. Leave a small gap 
between the anvil and spindle when storing. 

{2). Oil the micrometer in only ohe pl^ce— the micrometer screw, and only 

with a very light oil. If storing for ^ong periods of time, cover the micro- 
' metet with a light film of oil and w^rap it in oiled paper. , \ • 

(3) ' Never roll the thifmble along the hand or arm. Likewise, holding the 

^thimble ajid twirling the frame to open or cjlose the micrometer will - - 
* . * ' 'cause excessive wear on the Screw, 

(4) Before using a micrometer, wipe it off and pull a piece of paper between 
the iknvil and end of the spindle. 

(5) The micrometer shocild operate freely with no play inits travel. If a 
micrometer has play, or if it binds-, it should be returned to the manu- 

7 ^ facturer for reconditioning. This condition is'caused by abuse or uneven 

wear, , * . 
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< , f (6l Check the micrometer screw periodically with a precision gage block in 

at least four places other than zero to verify its accuracy. Simp>y measure 
a selected group of blocks tanging from 0 to 1 inch, 

(7) Clean micrometer mechanism wljenever it becomes gummy, contains 
abrafeive grit, or whenever it is to be'adjusted, O'se an approved clea-ning 

? agent. 

(8) When the faces of the spindle and anvil become worn and they are no longer- 
flat and parallel to each other, the'error should not exceed 0. 0002 inch on 
a' micrometer whi<1h is graduated to control measTurements to a hmit of 

0. 00 1 inch and should not exceed 0. 00O05 inch on a micrometer' which. i5 , 
graduated to control measurements tcju/^ limit of 0. 0001 inch, .\leasuring 
a baU at several points over the surface of the anvils w\U show up any 
error in parallelis^m. . Parallelism can be tested by means of two balls 
mounted ih an alum'inum holder. If the anvils are m error more than the , 
allowa'ble maximum, the micrometer should be returned to the /nanfuactur^r 
' for repair. ^ 

(9) In adjusting a micrometer to read correctly, the thimble is not set to 0 

* when the an^^il is in contact with the spindle, but is set at some cfimension 

to distribu^te the error. For e>cample. if a micrometer screw had an 
accumulating error'of 0. 0003 ir^ch in the length of its travel, and/it were 
set correctly at 0, it would be off. 0. 0003 at 1 inch. Hov^ever. it the micro- 
meter were set correctly in the center of its travel, it would be 0 '00015 
under at 0 and 0.. 00015 over at 1 inch, which is a mjch better ^condition. 
Because a micrometer does not return exa'ctly to 0 v/hen the anvil and 
^ spinble contact, it does not mean that it is not 'adjusted properly. Turn 

the friction sleeve with a small spanner wrench to compe/isate for* minor 
wear on the anvil and spindle or on the screw. 

, », * ' 

, -27, GAGES. There are a number of tools that are called ga'ges and may be used for ^ 
measuring or testing and setting distances. Socne orf the gages that will be discussed here 
will also be, useful for layout work as well as for .measuring. 

/ . ^ J 

a^. Depth gages (tig 101). A depth gage is an instrument' for measuring the depth . 
of holes, slots, counterbores. recesses, and the distance from a surface to some recessed^ 
part. ThQ most commonly used depth gages are the rule, depth g^ge. micrometer depth gage, 
and vernier depth gage. 

^ (I) The rule depth gage is a graduated rule with a sliding head designed to 
^ " bridge a hole or slot, and to»hold the x'ule perpendicular to the surface 

on which the measurement is taken. This type ha^ a measuring range of 
0 to 5 inches. The sliding he^d has a clamping screw so that it may be 
clamped in any position. The sliding head has a flat base which is per- 
pendicular to the axis of the rule and ranges in size from 2 to 2-5/8 inches 
in width and from 1/8 to i/4 inch in thi.ckness. 

• \ 

(2) The micrometer depth gage consists of a flat base attached to the barrel 
(sleeve) of a micrometer head. Thes^ gages have a range from*0 to 9 
inches, depending on the length of the extension rod used The hollow i 
micrometer screw (the threads on' which the thimble rotates) itself has a 
range of either 1/2 or I inch. Some a;-e provided with a ratchet stop. The 
flat base ranges in size from 2 to 6 inches. Several extension rods are 
normally supplied with this type of gage. 
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Figure 101. Types of depth gages. 

0 

(3) The vernier depth gage consists of a graduated scale, either 6 or 12 
^ . . incjies long, and a sliding head similar to the one on the vernier caliper. 

The sliding head is especially designed to bridge holes and slots. The 
vernier d^pth gage has the range of the rule ^epth gage and not quite the 
accuracy of a micrometer depth gage. It cannot enter holes less than 
1/.4 inch in dia.meter, whereas a micrometer depth gage will enter a 3/32- 
inch hole. However, it will enter a i/32-inch slot, whereas a micrometer 
, ga,ge will not. The vernier scale is adjustable and may be adjusted to' 

compensate f9r wear. 

b. Surface gage. A surface gage is a measuring tool generally used to transfer 
measurements to work by scribing a line, and to indicate the accuracy or parallelism of 
surfaces. 



(I) 



The surface gage (fig 102) consists of a base with an adjustable spindle to 
which may be clomped a scriber or an indicator. Surface gages are made 
in several sizes and are classified by the length of the spindle, the small- 
est spiridle being 4 inches long, the average 9pr 12 inches long, and the 
•largest 18 inches. The scriber is fastened to the spindle with a clamp. 
The bottom and the front end of the base of the surface gage have deep ' 
V-grooves cut in them, which allow the gage to measure from a cylindrical 
surface. 
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Figure 102. Surface ^age. 

(2) The spmdle of a surface gage may be adjusted to any position with respect 
to the base and tightened in place v/ith th^ spindle nut. The rocker i.aj''st- 
ing screw provides for the finer adjustment of the spindle by pivoting the 
spindle rocker bracket. The scriber can be positioned at any heiefht and 
in any desired direction pn the spindle by tightening the scnber nut. The 
scriber may also be mounted directly m che spindle nut mounting, in 
place of the spindle, and'used vhere the working space is limited and the 
h6i^t of the work'"is within range of the scriber. 

Surface plate. 

(1) A surface plate provides a true, smooth, plane surface. It .is a flat-toppec 
steel or cast iron plate that is heavily ribbed and reinforced or. the under 
side- (fig 103). 'it is often used m conjunction with a surface gage as a 
level base on which the gage and part to be m.easured,are placed to obtain 
accurate measurements. , 

i 

(2) ^The surface plate can also be used for testing parts that must have flat 

surfaces. Before using the plate for testing sm.ear a thin film of Prussian 
blue, or some other color pig.ment, on its surface, then rub the flat 
surface to be tested over the plate and the color pigment will stick 
to the hi^h spots. ^ y 
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(3), T4ie surface p^^^j^|^3hould be coy,ered when not in use to prevent scratching, 
' nicking, and denting", it must be handled ca'refully to prevent" warping 
(twisting). Never use the surface plate as an anvil or workbench-except 
for precision layout work {marking and measuring). 
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Figure 103. Surface plate. 
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^. Thickness (feeler) gage. 



(1) 



(2) 



Thickness (feeler) gages are fixed in leaf form to" permit the checking 
and mea^suring of small openings such as contact poihts, narrow slots, 
and so forth. They are .widely used to check the .flatness of parts in 
straightening and grinding operations and in squaring objects with a try 
square. 

Thickness gages are made in many shapes and sizes; usually 2 to 26 blades 
are grouped into one tool and graduated in thousandths of an inch (fig 104). 
Most thickness gage blades are straight, .but some are bent at the end at 
45 and 90_ angles. Some thickness gages are grouped so that there arre 
several short and several long b^des together. Thickne^ss gages are also 
available in singre«»blades and ih strip form for specific measurements. 
For convenience, groups of thickness blades are equipped with a locking 
screw in the ca'se that locks the blade'to be used in the extended position. 
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Figure 1.04. Thicknes s jfeeler) gages. 
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e^. 'Thread gage . 



(1) Threa'd gages (screxv-pitch^ gages) aTejasTe^i to dccc-rmine the pucK and Cctc 
number df thr?fads per inch (fig 105).\'^h^y cor.s-.ac ai thin ieiv-is wxiost- 



(2) 



(4) 



edg'es are tofethed to correspond to standard th read 'sections. 

To nneasure th^ pitch of a thread, cofnbardvit wu^v the standards qf the gage 
h*olding a gage leaf to the thread being gaged antil yoa f irii a'h exact fit." 
Tf pos^ble.* look at the fit toward a source of light, ^ince a difference of 
one thread per inch, in the finer tbreads.Vls nqt easily 'detec^ted. 



The number of'threads 
blade which is found to 
correct sizes of nuts 
use on the threads. 



iJoIt 



,r lach is indicat 
the thready. U 
ts tap cutters, 



mer;cal vaiue on tJfe 
^Lng th:s value as a basis ^ ^ 
id 'diev cutters are selec'tc:^ lor 



If the number of threads per Inch on a njit eqlal tne number of threads 
per inch, on a bolt, the nut ca>. bo sue cessiulbV apt^tiec without c^i'tzer 
of stripping the threads on either. 
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' Figure 105. Screw pitch gages. 

< , * 
^- Wire-gage . The wire gage {fig 106) is used for gae:ng vneta! wire, and a 
similar gage is used to check the size qf hot and cold rolled steel, sheet and plate iron, 
and music wire. The wire izage is circular in shape witli cutouts in the cuter perimeter 
Eachcutout gage is different size wire frofti 0 to 36 of the English Stand^rii 'vVire Gage. 
A diffe>fent gage is used for American Standard wire, and still another for US Standard 
sheet and plate iron arid steel. ^ • ' . ^ 
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Figure 106. English Standard Wire Gag-e. 
Telescoping ga^e. * 

(1) Telescoping gages are use*^. f r measuring the "inside .size of slots'pr holes 
up to 6 inches m width or neter. They are T-shaped tools in which the 
shaft of tho T is used as a .^-ndle and the crossarm for measuring (fig 107). 
The cro^sarms tclescopi into each 'other and are held out by a light spfing. 
To use the gaiie the ar:-:i5 are compressed, placed»ln the hble-to be 
measured, and allowed to expand. A twist of the locknut an top of the 
r^ndle locks the arni^. The tool may then be fawn and the distance 

across the arms ^measured. ^ • 

{2) Thes-e tools arc -commonly furnished m sets, the smallest ga^e for 

measuring distances from 5/16 to 1/2 inch, and the largest for distances 
from 3-1/2 to o inches. 



(2) 

> 



MS 





.'I 
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•figure 107. Small hole and telescoping gages. 
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h, ^ Small hole gage > 

(I) For measuring smaller slots or^holes than.the telescoping gages wil^^ 
measure, small hole g^ges can be usee. These gages come in seta of 
four or more and will measTire distances of appro-<imately i/8 co 1/2 inch. 

J2> The small hole gage (fig 107) consists oi a small, splif. ball-shaped 

membet mounted on the end of a handle. The ball is expanded by turning 
^ knurled knob on the handle until the propfer feel is obtained, and then 
. the size of the ball- shaped member on the end of the gafe can be measured 
with an outside micrometer caliper On some typjLS • .sri-iall nolo gages, 
the ball is flattened at the bottom near the center! me '-.^\e.-r 
shallow holes and recesses. 



permit .s-e m 



* i: Center gage. The center ^age (ffg 103) is gra'iuatecl n I4:h5, 20ths. 24:n^?. 
and 32ds of an inch. The back of the center gage has a table giving the .iojblr, dt pth oi 
thread in thousandths of an inch for each pitchy This information :s usef -l. m detc rrr^.ir.mt" 
thie size of tap drills, Sixty-degree angles in the shape o: the gage ar- .r^^'J ior cht;'-'<'in)^ 
Unified and American threads as well as for older American National cr Ur.it*, <u.*ks 
standard threads and for checking thread cutting tools. 
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Figure 108, Center gage 



i: Marking gages ^ 



(1) A rparking gage is used to nnark od guidelines^ parallel to an edge, end, 
or surface of a piece of wood or metal. It has a sharp spur or pin that 
does the marking., 

(2) Marking gages (fig 109) are made of w^od or steel. They consist of a 
graduated -beam about 8. inches long, on which a head slides. The head can 
be fastened at any point on the be,am by means of a thumbscrew. The 
thumbscrew presses a brass shoe tightly against the beam and locks it 
firmly in position. X steel pin or spur marks the wood. The spur pro- 
jects from the beam about 1/4 inch. 
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^Figure 109. Markitig gages. 

k. Care of gages. 'Always coat metal parts of all gages v^th a light film of oil 
when not in use to prevent ru^t. Store gages irr separate containers. Do not pile gages on 
each other. Always return blades of leaf -type, gages to the case after use. Keep graduations * 
and markings on all gages clean and legitle. Do not drop any gage— minute scratches or 
nicks will result in inaccurate measurements. ^ 

SECTION iri. BASIC METALWORKING J^CHINES 

28. INTRODUCTION, The mission requirements of maintenance organizations are so * 
varied that it is essential for them to be equipped with tools and machines that will provide ♦ 
them with the capability of coping yith different maintenance situations. Most maintenance , 
organization's work, to some e:ctent, involves processing metalS of some type and, therefore, 
requires tools or machines tl^t are rugged and yet may be sensitive due to the close toler- 
ances expected. The basic metalworking machines (grinders, drill presses, hand drills, and 
hacksawing machine) given in the Jjaragrapha that follow will be discussed^as to type, use^ 
i»nd care. 



a.^ ' Bench g^rinder. A bench grinder (fig 110) is usually an electi-ic motor mounted 
on a suitable base and having the rotor shaft extended from each side, with a grinding wheel 
mounted on each end for sharpening tool bits, planer tools, boring tools, drills, etc. It is 
usually fitted with both medium and fine grain abra*sive wheels, the medium wheel is satis- 
factory for rough 'grinding where a considerable quantity of metal has to be removed, or 
where a smooth finish is not important. For sharpening tools or grinding to close limits of 
size, the fine wheel should be used as it removes metal slower, gives the work a smooth 
finish, and does not generate enough heat to. anneal cutting edges. When a deep cut is to be 
taken on work or a considerable quantity of metal removed, it is often practical to grind with 
the medium wheel first and finish up with the fine wheel. The^wheels are removable, and 
moat bench grinders are so made that wire brushes, polishing wheels, or a buffing wheel 
can be substituted for them. Two other types of grinding machines are shown in figures 111 
and 112. 
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, (1) Use and care ot bench gnnd/rs . Before using the bench grinder the 
work shoul4 bo held firmly at the correct an^le on the rests provided 
and fed into the wheel with enmigh pressure to remove the desired amount 
of metal without generating too^^uch heat. The rests are removable, if - 
necessary, for grinding odd-.shaped or la,rge work. As a rule, it is not 
• advisable to grirf^ work requiring heavy pressure on the side of the 

^ wheel, as the, pressure may crack the wheel. As abrasive wheels become 

worn, their surface speed decrea'ses and reduces their cutting efficiency 
When a wheel becomes worn m thiTVnanner, it ahotild be discarded and a 
' new one installed on the grinder. The bearings and motor of the tool are 
provided with cups for lubrication, a^ dix\ected by the manufacturer of the 
tool* 

(2) Safety precautions . Before using grinders, make sure that the wheels are^ 
iirmly'held on the spindles by the-Mange nuts and that the work rests are 
t^ght. Wear goggles, even if eyeshields are attached to the grinder, and 
bear in mind that it is unsafe even to use grinder without wheel guards, 
c ♦ Use the rest provided on the grinder frames to support the work when^ * 

grindmg. Proper tool rest adjustment is 1/16" to 1/8'' from the wheel. 
Hold the tobls that are being-shaped properly so that they will *not catch* 
m the abrasive wheel, otherwise, they will slip and injure the operator or 
wear the \vheel excessively Never use a cracked wheel. Before installing 
a wheel, tap it lightly with^a mallet. A ringing sound indicates that the 
wheel IS satisfactory,, a dul\ sound indicates that the wheel may be CTacked, 

' . • . ' K 

£■ Portable electric drills . The portable electric drills (fig 113) discussed in 
the following paracraphs have the following characteristics m common. Each drill is 
powerea by a universal (AC/ DC) electric motor built into the drill case. The motor drives 
tho .hucK spindle and chuck through an.ar rangement of gears that reduces the spindle speed * 
from that of the motor shaft and increases the rotational power. Each portable electric 
<irin has a^bcfttoni device by which the trigger switch can be locked in the operating position . 
when r<*quired. although under normal operation the drill stops when the switch is released. 

* • ( j ) ;;^^es and use. 

(a^' The 1/4-inch capacity portable electric drill is a heavy-duty drill _ 
capable of drilling 1/4-inch holes in steel or 1/2-inch holes in hard- 
wood. The drill is equipped with a geared drill chuck that^will mount 
^ ' any straight shank twist drill or similar t6£)l having a shank diameter 
^ of 1/4 inch or less. The chuck _spindle rotates freely at a speed of 

i, ^00 ^evolutions per minute, although under full load the speed will K 
^ be reduced to 1,000 to 1,200 revolutions per^ minute. The electric 

drill may have a spade-type or pistol-grip handle with a trigger switch 
so that tne. drill can be supported and operated by one hand.. A 
vertiVal stand may be supplied to convert the drill to a drilling machine 



i 



(b) The 1/2-mch capacity .portable electric drill is a l^avy-duty drill^ 
with geared chuclc in which straight- shank twist drills or similar 
shanked tools 1/2 inch in diameter or smaller can be mounted- This 
drill is driven by a universal- type (AC/DC) electric motor and has a 
rated capacity of 1/2-inch holes in steel plate and 1-inch holes in 
hardwood*. The drill is geared to rotate the chuck s{5indle at 550 
revolutions per c?^inute without a load and at 360 revolutions per 
minute with full load. Three handles are present on this drill: the 
rear handle, the switch handle,^ and the pipe handle. The rear handle 
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axjd switch handle are extensions of xhe drill housing and are rtot 
removable, but the pipe handle screws into a socket opposite the 
^•itcb handle^and can be removed and replaced by ii stand if cj^ired. 
The stand for this drill consists of a section of pipe with a flange on 
the end by which the drill can be bolted to a surface. 



It- 
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Figure 1,12. Floor-mounted^^Uty grinding machine. 

(c) The 1-inch capacity taper socket portable electric drill is a larger 
^ and heavier version of the two drills previously described, being 
capable of drilling a hole I inch in diameter in steel. Instead of 
mounting drills in a geared drill chuck, this portable electric drill 
has a No 2 or No 3 taper socket for chucking twist drills and Similar 
tools having taper shanks with tangs. This socket is similar to the 
drilling machine spindle that requires a drill drift for removing dj^ills. 
Drill sockets, drill sleeves, and drill chucks can be mounted to the 
taper socket of this drill to permit chucking of larger or smaller 
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taper-sh^nk tools ahd straight-shank twist drills and tof^s, P 
able pipe iian.dle is located opp^-site the switch handU.'^The sp 



A remov- 
spade- 

type hanr.ie a^ the rear oi the r lacrtine can be removed and replaced 
by a f^ed screw eiMchment il reqv^r^d. The drill rotates at 275 ^ 
revolutions per mi-iute vinder full load and 350 revolutions pir minute 
with no load. 



m 




J Figure 113. Por^ble electric drills. 

{d) The 90° angle^portable electf"ic drill is designed for working in 

confined places where a' standard shape drill will not have sufficient 
clearance. This drill has a 1/4-inch capacity in steel and will drill 
up to a 1/2-inch hole in hardwood. Drilling speed is 1/600 revolutions 
per minute under full load and 2» 500 revolutions per minute without a, 
load. The univ^rsal-typ^||KC/DC) electric motor is controlled^by a 
paddle-type trigger switch that is operated by squeezing with the fingers 
as the hand encircles and supports the cfeise of the drill, A geared 
^ chuck mounts straight-shank twist drills With 1/4-inch sh^nk diameter^ 

or less. * - / -m • 

(2) Care and safety, f 



(£) 


Lubricate movable parts before 


use. 


»(b) 


Tighten drill sufficiently.*^ 




(£) 


Avoid running drill into table or 


holding device. 


(d) 


Avoid holding work by hand. 






^Secure protective s'iy.?Ids before 


operation. 


iD 


Do not wear loose cloches that 


.ight catch in revolving parts 
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£. Drill presa^is . The ririll press is used primarily for csrill-r.y ^al. vood. 
and plastic, -The most cc;''.mon types of drUl press in.i.h'.rics j 'r«r bon«, ^ "^ill press, 
the floor drill press^ and the portable hand drills tri^t v.<ir<; v over-. •! »r: the j •rcr.inii para- 
graph. These machines are used in conjunction ^xif: .'ire<? oc^.er t^^ .rls; .twis: iriUs, ^ iui '' 
key^ and the portable drill vise. The Dench drill pr»?s.s and floor dril* press, wl.ic^* art th 
two types discussed in this paragraph. h^Ve four ge^.eral parts, base, colurin, table, ar.^! 
head assembly. \. 

(1) Bench-type drlllihg machine (fig 114) . The bench-type drilling Vriachines 
are used for small drilling operations. Thev are classified as to sxze^y 
the largest drill that the drill chuck ^lU hole. Spindle speed (RPM) is 
adjustable through a four-step, cone pulley. F&od is controile*'' oy tht? 
feed handle and depth of cut is controlled by the use o: the dr-pth gage roc 
The table is adjustable vertically permitting work of various acmhts to b 
mounted. 



/ 




FL^are 114. Bench-type drilling niacr.iri'j 
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upright drilling machine (floor -mounted) . The floor-mounted drilling 
machines (fig 115) are designed for workpieces«tha.t-are too large to be 
handled on the bench-type machine. The tables on these machines can be 
adjusted horizontally, vertically, and tilted. ''The heads can also be raised, 
lowered, or swiveled. Models with power feed have several spindle speeds 
and automatic feeds. * * * 




L^uro 115. Upright drilling machine (floor-mounted). 
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d. ^Hacksawing machine. 'The portal^e hacksaw (fi^- ^ lo) nas a h»:ili-in AC or l C 
110-volt motor that, operates the blade a^* 115 strokes per minite T:.c- . nine has a 
capacity of 3^-inch stock and can operate in the norlzontai .or ve:t;ca: p«jsition T::c .-ne::h 
of the hacksaw rflade used with the nnachine is 10 inches and the leng^.h o: rht- c iNr.u ^troKr* 



is 4 inches. The nriachine ^A,'ill shut off automatiA:4Uy when the cut n v.sntifi :n.o 
is used to cut solid steel stock and other materials such as thin .vail brass tuhtr.. 




SECTION IV, CONC LUSICN 



29. SUMM5VRY. This lesson has^iscussed sronie of the m6re co.nr.on han it ^.U 
by machinists; additionally,- it covered the care and use cf these rools. Thus.. ' o..r 
knowledfge of handtools has increased and the proficiency of your shoo ooerati^n Vn( -u 
enhan(^d due to this*increased knowledge. The completed jobs t:.at v/ill lea^i \ua^ s 
should be of the highest Iqual^ty due to correct maintenance supervision uf the er;u; ^n.-. 
under your control. You should take pride in your ability to use tools n;or< t;::jcM-aM 

EXERCISE 

56. Which statement in relation to machinist's hammers is tr'.:e'' 

) • ' , 

a. The best general purpose machinist's hammer is the cross -peen hamri^cr 

b. The flat erid of a machinist's hammer is called the face 

c. The rounded end of a machinist's hammer is called the claw 

57. What type wjfench has two jaws that are not paralieP 



a. Adjustable pipe 

b. Adjustable single open end 

c. Combination open and box end 



58. What type wrench uses interchangeable handles'^ 



a. Box end ' 

b. Open end 

c. Socket 
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S9. What type of file should be used to file the gullet between saw teeth? 

a. Triangular 

b. Pillar 

c. Square 

'»0. 'A'hat tVDc hacr:saw blade is reconiaiendcd for sawing sheet metal that is thinner than 
I ^a^c and :or thm -walled tubinu'^ 

a. r U'xiblo t>iade 'vith 32 fticth per inch 

b. Hard i>ladc with 2S teeth per inch 

c. Flexible •)lado with I c< teeth per inch 

, r 

' • I. For what purpose is a three - or four -fluted drill bit used'^ 

a. EnlariiiniZ cored boles 

b. Eloni*atinLi holes 

c. Cutting l-.^^les in soft metal 

•'3. *A'hcn LUttinu sheet metal, which tool does not cause any material to be removed'' 

a. Acetylene torch 

b. T;n shears 
^. Drill 

o3. Which operation can best be oerformed by using a cape chisel? 

a. dittini; V-iirooves <^ 
n. Splittmt; nuts 
^ • c. " Cuttina keyways ^ 

^ o4. \^ilnch IS a primary use of the sott-face drift punch'' 

a. Unseating bolts or pins that are extremely tight 
* b. Removmsi bolts^or pins that have been unseated 

c. Removing engine wristpms 

o^. vVhat iyo«i pliers are considered as special purpose pliers? 

a. 'Birake sprim: oliers 

\j. Diagonal cutting pliers 

c. Slip joint combination pliers 

How is tne si/.e of a standard screwdriver determined? 

a. Thickness of blade 

b. * Lengtii of blade 

c. Width of blade 

'>?. Which type vise usually has the smallest holding capacity^ 

a. Maciiinist's bench 

Bench and pipe 
c. Clamo base bench 
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68. What is the proper name for the spiral grooves on a drill bit 



a. Flute 1^ 

b. . Lip 

c. Heel - 

69. What are round split adjustable dies called'^ 

a. Button / ' 

b. Pipe I • - ^ 

c. Cap y 

70. Which level was designed to deter :i*iijie if a ola ne or s*ir ic* ce IS true '..ori-^<jnta Il> and 
vertically? . ^ *' 

a. Stridi*:g » 

b. Master precision 

c. Machinist's * 

71. Which is the correct way for sharpening thy point of a scriber'' 

a. Place scriber in a vise and sharpen the oomt slowly v/i:'.. special cru^scat fil 

b. Rotate the scriber between the thumb and foret'in-^t-r. -vhile -novin^ t'^.o ooint 'jac'- 
and forth on an oilstone 

c. Place the scriber in a vise and sharpen the point by circhnu it wit., a .viietstune 

72. By using keys eat clamps, which rule can be used for layinu o^:t -'cywava on th^ • 
cylindrical surface' of a shaft? 

a. Circumference rule - ^ 

b. Tape rule iy- 

c. Six-inch steel pocket rule 

73. What tool facilitates the measuriny; of an;jles in relation i-o the '^lori/.ontal or v»r*u ai 
plane? 

• • ■ * 

a. Combination square set 

b. Inside micrometer 

c. Firm joint caliper 

74. What is one of the most common uses of a try scuare'^ 

a. Determining tiie angle of a lathe way 

b. Determining w-hether sawed eai:es are ♦-rue 

c. Laying out precision angles 

75. What tool can be used for the sam.e purpose as a divider cnnoer • 

a. ^ Pfook rule 

b. Bevel protractor , 

c. Trammel * 
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7b. Wl.at IS the reading (mchcS) oh the 2{i-inch vernier caliper in the illustration below? 



h. >. 37" 



MttlH 



rr 



20 Zb 



loO:) 



77. What IS ttic reac^ni; (inches))on the o-mch micrometer 6elow? 



a. 7.^f>i 
!). 5,23-. 




7s, Wl'.aUis a surface ^aae >;erieraUy used for" 



a. MtM a haraness of metal 

!). 'Transfer *M«jasi»rc ments to work 

c. Choc- thi< kness ofmetals ' " 

What ceternunes the size of a bench-type drilling macMpe; 

Maxi:i"iMni si ^e* drill that the drill chuck will hold 

b. Soee*"! jf rotation of the drill spindle 

c. Hor5or>ower of the drill drive motor • 



^0. Which s^tatoment re^iarding a bench grinder wheel is NOT true*^ 



a. As a rule, co not ^rmd work requiring heavy pressure on the side of the wheel 

b. A faulty ^r:nci:nu wheel will i;ive^rf a ri1i§thg sound when tapped lightly with a 
mallet . 

c. Wear couples even if the srindinc: wheel is fitted with eyeshields'. 
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CORRESPONDENCE COURSE. 

us ARMY 0 R D'H A N C E 
*C E N T E R A N D S C H 0 0 L V 

* 

LESSON ASSIGNMENT SHEET ^ 

Ordnance Subcourse No 424. % ; Machine Shop Practice 

Lesson 5 .Vertical Cutting Bandsaw 

Credit Hours • • ^ , .One 

Lesson Objective After studying this lesson you will be able to: 

1. Explain the history and development of 
^ • the vertical banHsaw machine. 

* ^ • . .2.. Describe bandsaw machines as to types, 

use, nomenclature, and operation. 

3. Describe bandsaw machine accessory 
attachments as to types, use, selection, 
^ care, and' cleaning. 



Attached Memorandum 

Materials Required ' None 

Suggestions ' . ' .If possible, visit a^machine shop and observe 

the vertical cutting bandsaw in operation. 

Also, pay particular attention to illustrations 

I provided. 
' > • 

STUDY^GUIDE AND ATTACHED xMEMORANDUM 
I. INTRODUCTION. 

a^. General . Although the sa.w blade was developed over Z,000 years ago, 'no 
significant designs for sawing machines were made until 1803 when a practical design for 
a bandsawing machine was patented. This machine, designed by Newberry, had three 
wheels arranged in a triangafar pattern upon which the bandsaw blade was driven (fig 1). 
^The use of this early j^achine was hindered by imperfection of suitable continuous blade 
band's,^ In 1846, a Frenchman, Niamed Perin, devised a satisfactory means for joining the 
bandsaw-'blade-ends. The Newberry machine as well as otjier sawing machines developed 
before 'the end of the \9th century were used for sawing wood only. 

Metal cutting. Hacksawing machines were developed near the turn of the 
century. They ptoved to be-^the first satisfactoiV m^eta I 'cutting power-driven saws except 
for circular saw-blades that had been in u^e for parting operations on the milling machine^ 
^ The early hacksawing machines consisted merely of a mechanism for driving a hacksaw 
blade back and forth. Later, refinements were made to. improve the sawing action. Devices 
were, added to these machines to make/the hacksaw blade lift on the return stroke to prevent 
dulling or snagging of the blade, and aJdju stable weights and counterbalances were added so 
that the feed of the machine could be controlled. 
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Figure. 1, Newberry's bandsawing: machine — 1803. ' 

' * 

c. Bandsaws * The rnetal cutting bandsawiiig machine was developed after ^ 
the hacksawing machine, although the wood cutting bandsawing machine had been 

used for close to a century at that time. Where the hacksawing machine was restricted 
to square or angle cutting of stock, tlie metal cutting bandsawing machine <uuld per- 
form intricate contour cutting of shapes from steel plate. 

d. Modern hacksaws , , Later advances to the hacksawing machine design . 
haye not Changed the original concept of the machine. The modern hacksawing tias 
ijustable cutting speeds and stroke lengths. _ Some of the newer machines have 
borrowed the quick-return mechanism of the shaper so that the sawing action can be 
increased without increasing the blade speed. The large production'-type hacksawing 
machines have .automatiafeed devices whereby a bar or a number of bars of s to ck 
ca^ be fed into the. machine, clamped in the vise, and cut autonjatically . 

^ e. Modem bandsaws. The modern bandsawing machine has variarbie saw 

blade speleds so that any metal, hard or soft, can be cut successfully. These machines 
incorporate power feed devices and are usually equipped^with a nu?pber of accessories 
by which filing, polishing, circle cutting, and internal cutting can be performed. The 
bandsaw blade ends are butt welded to form a joint that will not interfere with the 
sawing of the workpiece. Many metal cutting bandsawing machines contain built-in 
butt welders so that blade bands may be formed at the machine. 

• 2. BANDSAWING MACHINES. 

a^ Descriptidn . Metal cutting bandsaw machines fall into two basic cate- 
gories, horizontal machines and vertical machines. The vertical bandsawing machine 
ia the one that is most commonly used (fig 2)- On this machine, the blade in its cutting 
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'position is vertical and it cuts into the skie of the stock. The blade rotates on a fixed 
track, the idler wheel being nnounted above the worktable and the drive wheel being 
mounted beneath the worktable. The stock is moved against the blade to make the 
cut. On the horizontal bandsawing machine, the handsaw blade in its cutting position 
is horizontal and cuts downward into^the stock* The drive and idler wheels are 
positioned lengthwise on the sawing machine frame which pivots from a corner of the 
sawing machine bed, With.th^ horizontal-machine, the stock is fixed rigidly in a vise 
to the bed of the ma*chine, and the bed is fed downward into the workpiece* The 
horizontal bandsawing machine is used primarily for cutting stock to length, either 
at right angles or to any desired miter angle<. The vertical machine is more versatile 
and can be used for contour cutting, filing, and polishing, as wel^ as simple cuttiAg 
of stock. ' - I 




Figure '2,^ Metal .cuttipg bandsawing machine. 
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b^. Metal cutting bands av/ing machine . The metal cutting bandaawing 
machine (fig* 2) is a vertical machine. Being much more common than horizontal 
machines, vertical bandsawing machine's are usually idejitified a^ ''ba^dsawing 
machines'* without using the word ^Vertical" in their d««criptlSns, The m^ichine 
illustrated in figure Z ia driven by a ^/4-horsepower electric motor through a belt 
transmission which permits adjustable blade speeds from 50 feet per minute to 1, 500 
feet per minute, although other bandsawing machines have speed ranges up to 2, 000 
feet per minute. The table may be tilted front-to-back or sideways to cut mitered 
edges. The metal cutting bandsawing machine does not 5;,equire preformed b&nd^aw 
blade bands. An elec^jic butt welder and grinding whe/sl are built into the sawing 
machine column. The weWer is used to weld a length of blade into^a continuoui band, 
and the grinding wheel is used to remove beads caused by the welding. Since the 
machine can weld its own blade ban;is, internal cutting is posaifale. In this case the 
blade is inserted through a hole cut in the workpiece and then the blade is welded into 
a band and mounted to the machine. After cutting the internal shape in the piece, the 
band is cut so that it can be removed. An attachment for the metal cutting bandsawing 
machine twists the bandsaw blade 30° or 90° so that stock which normally could not 
be cut because of insufficient cleara'nce of the sawing machine column can be success- 
fully cut, , Other attachments permit the use of band files and polishing bands in 
place of the bandsaw blade. Adjustable guides for holding and feeding workpieces are 
also provided* The machine has arpower feed mechanism operated by counterweights. 
Forced air 'for cooling and chip removal is supplied by an air pump in the base of the 
machine* 

3. BANDSAW BLADES. 

a. General. Bandsaw b^ajies are manufactured in two forms. They are 
supplied in rolls of 50 to 400 feet for use on machines that have butt welders for 
forming their own blade t>ands and are also supplied in continuous welded bands in, 
standard sizes for machines having no pr ova's ions for welding blade bands, 

b. Materials . Bandsaw blades are made from special alloy steels. The 
blades ar'e made flexible by annealing tRe body of the blade and, hardening only the 
teetH, Most metal ^cutting bandsaw blades are not.capable of being sharpened but 
there are some coarse t6oth blades commercially available which are made of 
Swedish steel and have coarser teeth than u^ual which can be resharpened like wood- 
cutting bandsaw blades , y 

c. Setting of teeth . Metal cutting bandsaw blades have their teeth set to 
produce a" kerf, or cut, slightly wider tha^n the thickness of the blade to prevent the 
blade f/om being pinched^y,the stock. The setting of the teeth for most bandsaw 
blades is called the raker setting. Raker tooth blades have one tooth bent over to 
the right, the next tooth bent over to the left, and the third tooth set straight (fig, 3), 
This pattern is especially suitable to -blades that cut at high speeds, 

d. Pitch of teeth ,- The pitch of bandsaw blade teeth (fig, 3) is the number 
of teeth p"er lineat inch of the blade. For example, if a blade has 14 t,p,i (teeth per 
inch), it has a pitch of H, or it may be stated as being a l4-pitch blade. Metal 
cutting bandsaw blades range from 6 to 32 teeth per inch; the finer tooth blades being 
used for sawing^thin stock, and the coarse tooth blades bei^ng used for aawing large 
stock and/1 soft metals. 
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Figure 3. Characteristics of handsaw blades. - 
Selection of handsaw blades . 

(1) Bandsaw- blades are selected according *to the type of material to be 
cut, the thickness of the material to be cut, and the sawing operation 
to be performed. 

(2) Soft or gummy m^aterials and thick stock require coarse tooth blades 
to provide adequate chip clearance. Hard materials generally 
require finer tooth blades. Fine tooth blades arV also hecessar^'' 

if a good finish is desired. 

(3) Two or three teeth of the handsaw blade must be in contact with the 
workpiece at all times to prevent chatter and shearing off af teeth 
(figj 4). Therefore, fine tooth blades are used to cut sheet metal 
and tubing* If sheet metal is too thin to meet this requirement with 

' the finest tooth blade available, the metal should first he mounted 
on plywood, fiber, or thicker metal to siiffen it. 
i 
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(4) Table I is provided as a guide in selecting the proper pitch bendsaw 
blade for different metals and metal thicknesses. If the stock is 
exceptionally large, coarser tooth blades than ihose recommended 
for solid stock maj^ be used^^ 



TABLE I. SELECTION OF BANDSAW BLADES 





Bandsaw 




Bandsaw 


Material 


blade 


Material 


' hlzde 




(tpi) 




(tpi) 


Sheet metal, under 1/8 




Solid stock ^"^Coniinued 






24-32 




f2-r4 ' 


Sheet metal, over 1/8 




St'eel, high-speed .... 


12- 14 


inch thick 


18 




10-14 


Solid stock; ^ 






12-14 




6-10 




12-14 




10-12 


*Ti^bing, under 1/8 -inch 






12-14 




24-32 




10-12 


Tubing, over l/8-inch 






10-12 




18 



^Two or rpore teeth must contact the workpiece at alj. times to prevent shearing 
of the blade teeth. If the recommended pitch for solid stock faiJtS to meet this re- 
quirement, a blade with Hner pitch must be selected. 



(5) For straight sawing, the widest blade available of the proper pitch 
e • should be used. Narrower blades are required for contour sawing 

^ to prevent the body of the blade from rubbing the sides of the cut 
when cutting sharp curves. When curves or radii are to be cut on 
the bandsawing machine, the widest blade adaptable to the sharpest 
radius, to be cut should be used. Narrow blades are much more 
^easily broken than wide blades and should be used only where 
necessary. Table II lists blade sizes which can be used for cutting 
different size radii. 



TABLE II. BANDSAWING RADIUS GUIDE 



Radius to be cut (in.) 


Width of 
bandsaw 
blade to 
use^ (in.) 


Radius to be cut (in.) 


Width of 
bandsaw . 
blade to 
use^ (in.) 


1-7/16 to 2-7/16. . . V . 


1/2 
3/8 

5/16 . 


5/8 to 15/ 16 . 


1/4 
3/16 



^If the proper size blade for the radius to be cut is not available, the next size 
narrower blade should be used * 
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f. Bandsaw blade wear . 

(1) Bandsaw blades beconje dull naturally from prolonged use, but some 
conditions promote greater than normal wear on the blades. Blades 
dull quickly if used at too higK a speed for the material being cut. 
Also, if the material to be cut is too hard for tht pitch of the blade, 
abnormal wear will result. This can be caused by hard spots in 
cast iron or welded metal and usually can be anticipated so that the 
operator can reduce the feed. Rubber and some fibers or plastics 
contain abrasive material that will dull saw blades regardless^ of 
the sawing speed and feed. Prematur>e blade dulling ofteh occurs 

"from using too fine a pitch blade and from feeding too heavily. 

(2) The following symptoms indicate a dull bandsaw Made and when 
^' noticed, the blade should be replaced. 

- (a*) The bandsaw blade cuts slowly or not at all when the workpiece 

,i ' is fed by hand. * 

(b) The teeth of'the- blade are bright on the cutting edge. 

{£) It becomes difficult tCLiollow a line; the blade forces to oiije 
side or the other. 



(d) The chips cut by the bandsaw blade are granular on metals 
other than cast iron which always produces granular chips. 

' (e) With ^e machine stopped', or the bandsaw blade removed from 
the machinir, run a finger slowly over the teeth in the cutting 
direction. Sh^rp edges ca^ot be felt. 

4. FILE BANDS. 

f^. General . Thtf^pietal cutting k&iidsawing machine is adapted for filing 
operations by use of the band file attachment. A band file is then fitted over the 
drive and idler wheels in place of the bandsaw blade. Band files (fig. 5) consist pf 
many interlocking file segments that are riveted to flexible steel bands. These bands 
are attached to^each other, end to end, to form a continuous band. The file segments 
are attached to steel bands in such a manner that they form a continuous filing sur- 
face when held in a straight line, but separate from each other as they move about 
the idler yd drive wheels; The band file attachment provides a support behind the file 
above the table so that the band file cannot be forced backward by the pressure of the 
workpiece as it is filed. 

b^. Cut of file teeth . . ^ 

(1) Most files are classed as single-cut or double-cut files according 
'to the kind of teeth. Single-cut files have tows of parallel teeth 
extending across the face of the file at an angle. Double -cut hies 
^ have two rows of parallel teeth which cross each other. The first 
rOwr usually cut at about a 45^ angle, is coarser and deeper than 
the second row which is generally cut at an angle of from 70*^ to 
'80*^. Band files are always of the double-cut type. 
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Figure 5. Band file. 

(2) Double-cut files of medium pitch are called bastard-cut files. These 
files usually have between 12 and 24 teeth per inch. Bastard-cut 
band files are commonly us-ed for filing of steel and other hard 
metals on the'bandsawing machine. 

(3) Short angle -cut files are double-cut files in which the two rows of 
teeth have been cu^ at shorter angles than those of the bastard-'cut 
file. Short angle-c4t files are usually of coarse pitch having 10 or 
11 teeth per inch. Short angle-cut band files are commonly used 
for filing soft metals on the bandsawing machine. 

c. Band file shapes . Band files ate manufactured in flat and oval shapes. 
Flat band""files are used for the majority of filing jobs. Oval band files have a curved 
face and are used for filing inside curves and contours. Band files of the flat and 
oval sTia'pes are made in widths of 1/4, 3/8, and 1/2 inch. 

d. Selection of band files . ' * ' 

(1) Band files shoixld be chosen on the basis of workpiece thickness and 
kind of material to be filed. 

(2) ,In general, as the workpiece becomes thicker, the file should be 

" more coarse. This is due to a larger total chip accumulated from 

thick pieces, thus requiring additional space foy the chips between 
the teeth. On thin sheet metal, a fine pitch file is required to pre- 
vent chatter. 

(3) Narrower fine pitch files should be used for tough carbon and alloy 
steels; wider and coarser pitch files should ^e us^d for softer"; 
more free-cutting materials such as cast iron and nonferroas metals 

(4) Table IE is provided to aid in selecting the proper file for specific 
materials. If ^sheet metal is to be filed, a finer tooth file should 
be usediif necessary to reduce chatter and to produce a better 
finish qh the workpiece. 
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TABLE ni. SELECTION OF BAND FILES 



Material 


Band file 




- 

Cut of teeth 


Teeth per 
inch 




Short angle-. or bastard. cut . , . . 


10-12 




Short angle- or bastard-cut . . • • 


10-12 




Short angle- or bastard-cut 


10-12 




Short angle- or bastard-cut . * . . 


10-12 


Copper 


Short angle- or bastard-cut .... 


10-12 




Short'angle- or bastard-cut .... 


10-12 




Short angle- or bastard-cut .... 


10-12 






' 14-24 


Steel, machine • • , , 




*14-16 






14-24 



£• Care and clearing of band files . 

(1) The particles of metal removed by the file often lodges in the file 
teeth, reducing the cutting efficiency of the .file and affecting the 
quality of the finish. If hard metal particle? are-thus lodged, the 
workpiece may be scratched by these particles. 

(2) When steel is to be filed, chalk can be rubbed into the file before 
starting. This chalk will reduce the tendency for hard particles to 
adhere to the file.^ 

(3) ' Clean the file often using a stiff brush or a file card. The brush 

should be moved in the direction of each cut of the file ta dislodge 
all particles between the teeth, 

5. POLISHING BANDS. 

a:. General . Polishing operations can be performed on the metal cutting 
bandsawing machine upon installation of the polishing attachment and substitution of 
a polishing band for the bandsaw blade. The polishing band is usually 1 inch wide 
and has a heavy fabric backing. 

^ypes . Polishing bands for bandsawing machines are usually supplied 
in three grain sizes of aluminum -oxide abrasive: No 50 grain (madium) for light- 
grinding operations, No 80 grtiin (medium-fine) for coarse polishing operations, 
and No 120 or No 150 grain (fine) for fine polishing operations. These are pre- 
formed in continuous bands and in the appropriate . sizes to fit the machine. 

f 

£. Selection. Polishing band^ should be selected according to the particular 
job to be performed. For general removal of toolmarks and smoothing of edges, the 
No 50 'grain polishing band should be us6d.. This band will remove small amounts of 
metal by grinding and is not in the true sense of the word a polishing band. When 
finer grain polishing bands are used on the bandsawing machine, ^^oft metals like 
aluminum or cast iron should not be polished, or the band will quickly fill with metal 
particles and reduce the cutting action of the polishing band. " 
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ATTACHMENTS FOR METAL CUTTIMG BANDSAWING MACHINE. 
a» Band file (fig. 6), 
Polishing (fig • 7), 

c. Disk cutting saw (fig, 8). ^ 

d. Angular blade guide (fig> 9). 

e. Miter guide ^(fig« 10). 

"f> Screw feed device {fig» H). 




TAIIE 





r ■ , 




Figure 9. Sawing operation using the angular blade guide attachment. 
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Figure 11. Sawing operation using the screw feed device. 



?• FEEDS AND SPEEDS FOR BANDSAWING. 

a. General* The Cutting speed of a bandsawing machine is the speed of the 
handsaw blade as it passes the {able, measxxred in feet per minute. The feed of 
horizontal bandsawing machines is the downward movement or pressure applied to 
the material being cut by the handsaw blade. The feed of (vertical) bandsawing 
machines is the pressure applied to the handsaw blade by the material being cut. 

. Bandsawing speeds ^ 

(1) Proper bandsawing speeds are important in conserving handsaw 
blades. Too great a speed for the material being cut will cause 
abnormally rapid blade wear, while too slow a speed will result 
in ine^cient production.- 

(2) Most metal cutting batndsawing machines have several cutting speeds 
which can be selected. Since the diameter of the drive wheel of 

the bandsawing machine establishes a fixed ratio between the motor 

0^ transmission speed in revolutions per minute to the blade speed 

^ "^^^^^^^ minute, it is not necessary to convert revolutions per 

, OS 424, 5-P12 

^0 ' 



minute into feet per minute as with most other machine tool opera- 
tions. The speeds are identified in feet per minute on the sawing 
machine speed ^elector controls. Some machines have a speed 
indicator with which careful checks may be made of sawing speeds 
when the machine is operating with or without a load. 

(3) In general, the following principles^ag£ly^o speeds of handsaw 
blades. 



(a) The harder the material, the slower the speed; convers. 
the softer the material, the faster the speed. f 



The tougher or more fibrous the material, the slower. the speed. 




The faster the. spe^d, the finer is the finish produced on the 
Icut surfaces. This principle applies to light feeds in con- 
unction with fast speeds. 



(4) jiRefer to table IV for recommended sawing speeds for different 
Vnaterials. Generally the faster speeds should- be U8"ed for thin 
n!aterial and the slower speeds should be used for thick material. 



TABLE IV. BANDSAWING SPEEDS 



Material 



Aluminum • • • 
Bakelite ... 
Brass, soft . . 
Brass, hard . . 
Brass, sheets . 
Bronze .... 
Cast iron . • . 
Copper . . . 
Monel metal . 



Band sawing 
speed 
(f.p.m.) 



200 to'2, 000 
200 to 900 
175 to 300 
75 to 150 . 
200 to 900 
75 to 150 
50 to 100 
115 to 175 
50 to 100 



Material 



Rubber, hard . . . 
Steel, alloy . • . . 
Steel,* high carbon 
Steel, high-speed . 
Steel, machine . • 
Steel, sheet • . . . 
Steel, stainless . . 
Steel, tool . • • • < 



Bandsawing 
speed 
(f.p.m.) 



150 to 250 
50 to 100 
50 to 100 
50 to 90 
75 to 175 
150 to 200 
50 to 75 
50 to 150 



8. (VERTICAL) BANDSAWING MACHINE OPERATION. 

, * a. Straight-line sjawing is performed on the metal cutting bandsaw^ing 
machine by using one or a combination of several mechanisms or attachments.^^ 
Theae include the miter guide attachment with or ^frithout power feed, the screw 
feed device with or without the work holding jaw device, the work holding jaw 
device with power feed, and the angular blade guide attachment. 

(1) The miter guide attachment on some machines can be connected to 
the power feed mechanism and on others must be fed by hand. The 
workpiece is clamped or hand-held against the miter guide attach- 
ment and the workpiece and attachment are moved against the band- 
saw blade. The miter guide assembly moves on a track parallel to 
the blade, ther<5by assuring a straight-line cut. 
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Figure 12. Work holding ja*, device used for straight-line sawing with power feed. 



' (4) The angular blade guide attachment is fased for straight-line sawing, 
when the woVkpiece cannot be cut in the normal manner because it 
is too large or too long to clear the column of the bandsawing 
machine frame. When the angular- blade guide attachment is used, 
the piece must be guided and fed by hand.^ 

b. A typical examjde of a straight-line sawing operation is outHned below. 

' (1) Select a bandsaw blade of the desired pitch for the nature of material 
• to be cut. -The blade should' be as wide as possible for straight-line 

sawing. 

(2) Set the desired spiied on the bandsawing machine. 

■ (3) Position the workpiece at the desired angle in one of the bandsawing ' 
" machine attachments and connect the cable to the power feed ^ 
mechanism if power feed is to be used. - f 

(4) Start the bandsawipg machine and feed the workpiece lightly into 
the blade to start the cut. Once the cut is started, the feed can be 
increased. I£ feed is by ffand, the pressure applied to the ^ox^- 
;"ece by the operator can be varied to find the best cutting conditions.. 



ERIC 
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9. coolant: 



The sawing mac.hines dsed in the Army are usually dry-cutting machines; 
that is, .they are not intended for use with liquid cutting oils, 

b. The metal cutting (vertical) bandsawing machines contain air pumps and 
hoses through which a jet of air is directed agaihst the bandsaw blade and workpiece. 
The air acts as both a coolant and as a mecins of removing chips from the catting area. 
The nozzle of the air.h'ose should alwayVbe directed at the contact area of the blade 
and workpiecei. , ♦ 

10. SPECIAL OPERATIONS ON SAWING MACHINES, ) 



a. Band filing 



(1) General . Filing operations are performed on the metal cutting 
bandsawing machine using a band file and the band file attachment. 
As with sawing operation, the quality of filing and the economical 
wear of the band file depend upon proper selection of files and filing 

. speeds for different materials and conditions. 

(2) Band filing speed * Band files should be run at rela^tively 'slow speeds 
as, compared to speeds >used for bandsawing. Tabl^ V lists recom- 
mended filing speeds for band filing. Note that, in general, the 
slower speeds'are used for filing harder metals and faster speeds 
are used for filing softer metals. 

(3) Band filing feeds . Work pressure on the band file should not be 
excessive. A mediuni amount of pressure applied against the band 
file moving at the proper speed ^&ill produce curled chips which" 

^ * will not clog the file. Heavy pressure will cause clogging and can 
cause breaking of the file or stalling of the machine'. A light 
pressure should be used for finish filing, with a slow sideways 
mqtion that will not leave vertical file marks on the workpiece^ 



TABLE^^V. BAND FILING SPEEDS 



Material 


' Band filing 
speed 
(f. p.m. ) 


Material 


Band^filing 
speed 
(f.p.m. ) 


1 1 1 


75'to 175 
115 to 260* ' 
75 to 115 
50 to -^15 
^ 115 to 260 




115 to 175 
75 to 175 
50 to 115 
•75 to 175 
50 to 15 



b^. Polishing 

(1) 



General . ^Polishing bands and a polishing attachment are provided 
withjthe metal cutting bandsawing machine so that li gl^t ptslirflung^ 
operations can be performed. The polishing bands areTllitended 
primarily for the removal of saw marks on the cut edges of the 
workpiece. 
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{t) Polishing speeds r Polishing bands should be moveci at speeds between 
75 and 260 feet per minute, the faster speeds bemg used for softer 
materi^als and the slower speeds being used for Larder materials. 

». > 

(3) Polishing feeds,, Feeds should.be light for polishing operations, Use a 

slow sideways motion so that the polishing band will leave no marks on 
the workpiece. If the band does not remove the toolmarks quickly, 
/:hange to a coarser polishing band, 

11. StfMMAKY, The history; development, and types of metal cutting bindsawing 
machines have been di«cusse,d. You have learned the proper rpethoc of selecting blades, 
proper ^oeeds to be used, and symptoms of dull glades. Polishing and filing with the 
mc&.i cumi^ handsaw machines were^also discussed. The knowle;ige vou have learned 
•from*thi^4^^pll^^vill improve youV efficiency as well as the .efficiency of yoyr shop. 

EXERCISER . ' . ' ' 

81. What operation has to be perfornied after an internal cut has been completed? 

a, C\it saw blade 
» b. Twist band out of cut 

c. Raise 'column - ^: > » 

«» 

82. What cools the workptece during the cutting operation? 

a. Turpentine 

b. Kerosene 

c* Air ^ • ' - 



83. What'-'type handsaw teeth can be resharpened? ^ 

a. Coarse 

h. Medium fine 

c. Medium ' . ^ 

84. What type setting*is used on moat metjtl cutting handsaw blades'^ 

. Nega^iv^' 
' , b. positive 
c. Raker 

85. What pitch is BEST suited for cutting 1/32-inch sheet metal stock? 

a. 32 

b. 16 • ^ 

c. l2 • ' \ ' 

86. What width handsaw blade (inches) should be used to cut a 5/16 to 9/lC radius? 

a. • 5/16 ' . . , 

: b. 1/4 

c. 3/4.6 ' . 
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87. Which characteristic is the same for all handsaw files? 

a. Single -cut * ' , * , 

b. ' Double -cut 

c. Bastard-cut ^ ' 

88. Why should a coarse file be used on thicj? stock? 

a. , Prevents chatter of the workpiece - .* • 

b. Covers more area in a shorter time 

c. ^ Allows for chip accumulation 

89. When steel is to be fifed, which substance rubbed into the file will reduce the 
tendency; of hard particles to adhere to it? 

« - « • 

a. Chalk , " ' 

b. Light oil - 

c. Turpentine 

90. What handsaw speed (FPM) should be used for cutting soft brass? 

a. 50-75 ' 
' b. ^75-150 ' 
• c. * 175-300 . • 
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'LESSON ASSIGKM£NT SHEET 



Ordnance Subcour I^lo 424» • .Machine Shop Practice 



Lesson- 6 !^ ....... .Sfa^j: 



Credit H^rs . ♦One / "'^ ^ 

■ " * ^ 

Lesson Objective After studying this lesson you will be able to: 

1. Discuss shapers as to history, types, 
use, nomenclature, capabiliii^es, and 

, ^ ' ' • > operation. * * 

2. Discuss shape? accessory attachments 
to include cutting tools, cutting tool 
^lolde«, swivel vise, rotary table, and - 
indexing fixture as to types, use, and 

^ mountings. ^ 

" " 3. Exp.lain various shaper functions such as 

' " ^ setting cutting speeds and Strokes, hori- 

Ssontal planing, angular planing, internal 
* slotting, and planing irregular surfaces^ 

Text. * . . . .Attached Memorandum * 

Materials Required ^ . .None 

Suggestions • . .Visit an industrial plant or technical or voca- 

tional .high school and observe a shaper in 
*^ operation* 

STUDY GUIDE AND ATffACHED MEMORANDUM 



I. INTRODUCTION* 

^* CieneraU Shapers and planers were developed during the early part of the 
19th century to do the work of the hammer and chisel in producing flat surfaces on work- 
pieces. Between 1.814 and 1825 several independent inventors in England constructed 
planers^. Ri<^hard Roberts and Richard Piatt were two of these inventors. Roberts 
machine (fig 1), constructed in 1817, had a chain-drive worktable which was reciprocated 
manually through a crank at the side of the machine* The cutting tool was fixed to a cross 
slide supported above the worktable on upright columns projecting from the bed of the frame 
of the machine. Another planer of the period, perhaps the predecessor of the shaper, was 
a sturdy wall-mounted machine where the work'piece remained stationary and the cutting 
tool and toolhead moved across the workpiece on a track fixed to a brick wall* 
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Figure r. Robert's plar.er — 151 7. ^ ^ 

b The steel arm. The first shaper was invented by James Nasmyth in 1836 "and 
featured ^'reciprocating arm that carried the cutting tool over a fixed workpiece to make 
the cut. Xhis machine too^l was referred to at that time as "Nasmyth' s Steel Arm. 

c Development . Joseph Whitworth o£ England, a brillianis inventor who, was the 
founder -of methods of precision in the working of metals, made major improvements to the 
early shapers and planers before 1850. He developed a quick -return reciprocating action 
for the simper and planer bv^^hich the shaper ram and the planer worktable would spe.|d up 
on their reiurn strokes, this shortening the time required for shaping or planing operations. 
Before this time, experimental planers had been fitted with double toAlheads which would 
cut on both the forward and backward strokes. This method did. not p^ove practical. • 
Another improvement of tw/period was the enlarging of 'the planer bed. • On the first planer, 
the wirktable invariably overhung each end of the bed at the end of each stroke. The over- 
hang caused^he worktable to spring downward under pressure from the cutting tool thereby 
decreasin/the accuracy of the cut. The early chain-drive from the planer workta-fale was 
replaced by a rack and- pinion, the rack being fixed to the underside of the worktable. An 
Arherican, Sellers, drove the rack by a^worm which was positioned diagonally across the 
planer bed. This .driving device is still in -use today. 

d Improvements. Improvements to 'shapers and planers since -1900 have been 
chiefly engineering design advances to improve the rigidity of tKe machine tool, increase 
the accuracy of operation, and make the machines more versatiU and more automatic. 
The spur gears used to drive the racks of planers were replaced by helical tooth gears ^ 
which drive the planers much more smoothly. On large'planers and shapers, the introduc- 
tion of hydraulic cylinders to operate the worktable or ram further improved the smoothness 
of operation- and provided much wider range of cutting speeds . The development of carbide - 
tipped cutting tools allowed a further increase in production from heavy-duty planets which 
perform sbme of the largest' metal cutting operations today. 
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. 2. SHAPERS, 
t 

a^. Pur£0£e* Shapers are machine tools used principally for the^^oduction of 
flat and angular surfaces on metal workpieces. Shapers are restricted to the machining 
of 5mall and medium size workpieces. 

b. Operation. The shaper uses a reciprocating ram to push and pull .the single - 
.edge cutter bit across the face of the workpiece. The ram, on all shapers, except 
specialized shapera* moves in a hprizontal direction. The cutting action of the cutter bit 
18 on the forward stroke o£ the ram, which is delivered at a slower speed than the return 
stroke. The workplace, which is mounted^ to the shaper taSle^ moves sideways after each 
forward stroke of th^ ram to aline the workpic'ce for the next cut. The size of a shaper 
is designated by the maximum length of its sfroke; thus, a 16 -inch Jshaper will machine 
workpieces 'up 16 l^iTlnches in length* 

3: TYPES OF SHAPERS, . * ; - / ^ , - 

a.^ General . 'I^el-Oad^ ?§o)Timon^shapers in use are the horizontal shapers in 
which the. ram moves back and forth'horizontally on the top of the shaper column. Most 
horizontal shage^s.have either a craftk drive mechanism or a hydraulic drive Anechanism. 
In' crank-driven horizontal shapers, the crank drive mechanism is used to change rotary 
motion to reciprocating motion, A large gear, called a hull gear, receives a rotary 
motion from the electric motor. A crankpin, mounted eccentrically to the bull gear, 
drives a rockpr arm* back and forth as^ the bull gear rotates. The rocker arm, pivotitvg 
from the shaper base drives the r.am back and forth. With hydraulic horizontal shapers, 
the. ram is moved back and for^h by a piston moving in a cylinder under the ram. Oil • 
pressure in the cylinder is controlled to act first against one side of the piston and then 
against the oth^r side to give the ram a positive drive- 

h. Bench -mounted horizontal metal cutting shaper . The bench-mounted hori- 
zontal metal cutting shaper (fig 2) has a crank-driven ram with a majcimum stroke of 
7 inches. The shaper is powered by a 1/3 horsepower electric motor which is connected 
to the bull gear by V-belts and pulleys. The drive pulle^y V-belt can be shifted to give 
speeds ranging from 40 to 180 strokes per minute. The stroke can be adjusted to any 
length up to 7 inches, and the ram can be. adjusted in relation to the shaper table for 
centering the stroke over the workpiece. The crossrail, located across the front of the 
shaper frame, supports the shaper table and permits lateral and vertical movement of 
the table. Workpieces can be mounted directly to the shaper table or held in a swivel 
vise, shaper rotary table, or indexing fixture attached to the shaper table. 

4. SH/^ER CUTTING TOOLS. 

^. General , The single -edge cutting tools used for shaper work are called jf 
cutter bits and are similar to the cutter bits used for lathe cutting. Shaper cut-fe^r bits f 
are made of high-speed steel or may consist of a mild steel shank with an inserted 
carbide or high-speed steel tip. Interchangeable cutter bits ground for different cutting 
operations are easily fastened to the shaper ^oolpost or'to a cutter bit toolholder. The 
cutter bit may be mounted at different angles depending on the nature of the cutting 
operation* 
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Figure 2. Bench -mounted horizontal metal cutting shaper. 

Types of shaper cutter bits; In general, shaper cutter bits are identified 
as roughing or finishing tools. Finishing cutter bits usually contaih sharp corners 
so that the tool can be fed into the angles of dovetails or used to finish the inside 
angles of shoulders where a radius orjillet is nofdesiredr These finishing cutter 
bits are not suitable for the heavy cutting required of roughing cutter bits because 
■ their sharp cutting radii will dull or break off easily. Roughing cutter bits have 
rounded corners to distribute the force of the cut over a wider area, and can there- 
fore be used with heavy feeds and deep cuts. 

♦ , ^ (1) Rouhdnose roughing cutter bit> The roundnose roughing cutter bit 

(fig 3) is used for general purpose roughing ^uts with either right- 
hand or left-hand feed. This cutter bit usually contains no back rake 
or side rake. The roundnose roughing cutter bit is used mostly for 
light roughing on cast iron workpieces. A narrow roundnose rough- 
ing cutter bit (fig 4) is often used for miscellaneous roughing 
operations on small workpieces and for groove cutting. 



(2) Left- .and right-hand roughing cutter 



bits* 



(a) 



The left-hand roughing cutter bit (fig 3) is used for the 
majority of roughing operations on-'cast iron and-steel work- 
pieces. This cutter bit is capable of heavy feeds and deep 
cuts. The cutter bit is supported vertically in the cutting tool- 
holder for surface cuts and is offset at an angle for down 
cutting operations. No back rake is given to the left-hand 
roughing cutter bit, but the side rake may be as great as 15^ 
or 20° for soft metals so that the heavy chip produced will 
' curl and break. at short intervals. 

(b) The right-hand roughing cutter bit (fig 4) is ground like the 
^ left-hand roughing cutter bit {(a) above) only in reverse. This 
cutter bit is intended for roughing' cuts from left co right when 
the normal right -to-left cutting procedure is impractical. 
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Figure 3. Shaper and planer cutter bits. 
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Figure 4. Shaper cutter bits. 



(3) :l>eft- and right-hand bottom jgoulhing cutter bits. 

" • ^'K ^ * > ^ * . 
"{aJcS'TfiS left-hand bottom roughing cutter bit (fig 4) is similar to 
the roundnose roughing cutter bit ((1) above) in shape, but is 
ground with about 10^ of positive back rake and with varying 
amounts of* side rake to direct the chips away froijn t^ie work- 
piece surface. This cutter bit is designed primarily for very 
heavy roughing operations on machine steel workpieces . 

r 

(b) The right-hand bottom roughing cutter bit. (fig 4) is ground 
Uke the left-hand bottom roughing cutter bit ((a) above) only 
in reverse. This cutter bit is used in place of the left-hand 
bottbm roughing cutter bit when left-to-right feed ijs desired. 

(4) Angle roughing cutter bit (fig 3) > The left- and right-hand angle 
roughing cutt.er bits are used to rough cut dovetails and similar 
conformations where the cutter bit must be^ed into the work-^ 
piece at an angle. The left-hand tool cuts to the left and the right- 
hand tool cuts to the righti ^lA die machining of dovetails, the shape 
is roughed out with this tool and -followed with a left- or right-hand 
angle' finishing cutter bit ((7) below). 

^ ' • 

^(5) Broad finishing cutter bitffig 3 an^J^. The broad finishing 
cutter bit has a flat tip and slightly recessed sides to provide 
necessary clearance. This cutter bit is used to finish flat sur- 
faces, usually being operated with a shallow depth of cut and a heavy 
feed. The broad finishing cutter bit^is well suited for finishing the 
bottom and side;^.of shoulder cuts, keyways, and wide grocKres. . 

(6) Side finishing cutter bit (fig 3). The side finishing cutter bit jnay 
be either right-hand or left-hand and is used for finishing vertical 
cuts. Since this cutter bit has two cutting edges, small horizontal 
shoulders or surfaces m£iy be finished with this cutter bit in order 
to avoid changing' tools . ^ ^ 

(7) Angle finishing cutter bit (fig 3). The angle finishing cutter bit is 
supplied in both right-hand and left-hand types and is used to finish 
dovetails or other similar shapes after roughing. Usually the tool 
is first fed laterally to finish the bottom of the cut, and then fed 
downward at an angle to finish the angular side of the cut. 

(8) Inside keyway cutter bit (fig 4) > The inside keyway cutter bit 
differs basically .from the cutter bits described above, in that it is 

• formed from a round shank rather than a square shank. Mounted 
' in an appropriate cutting toolholder, this c;atter b,it may be used for 
cutting keyways and splines in'.workpiece bore's. This Cutter bit 
can be ground to various widths. - ^ ^ 

c. c5learance and rake angles. The nomenclature used for shaper cutter 
bits is thi same as that for lathe cutter bits, and the elements of the cutter bit, such^ 
as clearance and rake angles, are in the same relative positions as shown m figure 5. 
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Figure 5. Terms applied to single-point cutter bits. 

(1) Less end clearance (clearance at the heel of the cutter bit) is re 
quired for shape;r cutter bits than for lathe cutter bits, 

(2) Cutter* bitg designed for roughing operations with the shaper are 
often ground without back r^l^^ d with a large side rake angle. 
This design generally redu .is V j tendency of the cutter bit to 

♦ chatter. 



(3) Table I lists clearance and rake angles commonly used for the 
machining of different materials with the shaper. 

TABLE L CLEARANCE AND RAKE ANGLES FOR 
SHAPER AND PLANER CUTTER BITS 





1 OprrjiidO 




Cn<lcUv 
»ncr tnrVe. 
Ultt > 


B»ck rike 


S\iSt rake 
dtt.) 


AluiiiinutJi 


j 

[ Uoiitiliiiitf 


.V9 


2-5 


2-8 


^16-22 




' Fttiiithiitx 


0 


2-5 


■ 9i 


r 16-22 




' UouKhinir 


5-9 


2-5 


2-8 


4-10 




' Fiitishmx 


0 


2-5 


M-22 


0 


Bronze 


Rotiichinfr 


' 5-9 


2-5 


2-8 


'4-10 




Finishinjc 


0 


2-5 


14-22 


0 


f*jwt iron 


Uoiifzhing 


5-9 


2-5 


2-8 


14 




Finishing 


' 0 


2-5 


^10 


0 


Copper 


Roiuhing 


5-9 


2-5 


2-10 


16-20 




Finishing 


. 0 


2-5 


8 


16-20 




Roii|(hii)g 


6-10 


' 2-5 


0-5 


3-5 




Finishing 


' 0 


2-5 


' 10-15 


0 


MnnH metal 


UoHxhing 


5-9 


2-5 


0-4 


10-14 




Fhiishing 


Q 


2-5 


14-22 


0 


StH'I, hard 


Roughing 


5-9 


2-5 


0-6 


10-14 




Ftntshinz { 


0. 




8-14 


0 




UouKhing 


. 5-9 1 


2-5 


0-S 


14-22 




Fiiiixhing j 


0 


2-5 


14-22 


0 


iyti*'f\, wry hurd 


UoiighmK j 


5-9 


2-5 


0-5 


5-10 




Fmi'lnng i 

{ 


0 i 

I 


2-5 


5-10 


, 0 
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d. . Grinding of shaper cutter blTS^r ^^Ais-wtThnglt^cutting-to-ols used 

for machining, shaper cutter bits should be kept sharp for efficiency of operation 
and quality of machined surfaces. A dull .cutter bit overworks the machine tool, K 
cuts slowly, and produces a poor finish. Shaper cutter bits are grpund off-hand on 
utility grinding machines. should be remembered that high-speed steel cutter 
bits must be ground dryj-idipping-these tools in water when hot will crack the cutting 
edge. After grinding, the cutting edge of the cutter bit should.be carefully honed 
with an oilstone to produce a smooth edge. This practice will increase the life of 
the cutting edge as well as making possible a smoother cut. 

e. Mounting of shaker cutter bits . Cutter bits for shapers are usually 
mounted in cutting toolholders which are secured to a toolpost (fig 2) on the. clapper 
block of the machine. The cutting toolholders, are made in different shapes, some 
designed to support the cutter bit at an pffsei; angle, and othe^r^s. designed to hold the 
cutter bit at a variety 6i different angles. . ' ' 

CUTTING TOOLHOLDERS. ^ ^ ' - 

a. General. 

(1) Various types of cutting toolholders are available for securing 
shaper cutter bits to the machine tool. -^These cutting toolholders 
are usually forged steel bars containing an opening into which the 
cutter bit is positioned and locked in place 'by means of a setscrew 
or bolt. ' 

(2) The cutting, toolholder mounts to the toolpost (fig 2) projecting 
forward from the_ shaper clapper block. 

(3) The common types of cutting toolholders for' shaper use are the 
straight shank cutting toolholder, the right- and left-hand offset 

^ cutting toolholders, the swivel head cutting toolholder (fig 6), 

and the extension bar cutting toolholder (fig 6). 

^ b*, Straight-shank cutting toolholder. The straight-shank cutting toolholde 
is similar to'the straight-shank cutting toolholder used with the lathe, the major 
difference being that this cutting toqlholder is larger and supports the cutter bit on a 
line parallel to the axis of the s^nk, while the similar lathe cutting toolholder sup- 
ports the bit at an upward angle. 'The straight-shank cutting toolholder is supplied 
in different sizes, each intended for^p^orting one size- of cutter bit. 

c. Offset cutting toolholders. The offset cutting toolholders are supplied 
witji righF-hand or left-hand offset angles for supportinglKe cutter bit at an angle for 
different shaper operations. These toolholders differ from the right- and left-hand 
offset cutting toolholders used with the lathe in .that they are generally larg;er and 
.the cutter bit remains vertical although offset to the left or right. With the Corre- 
sponding lathe toolholder, the cutter bit is offset ver^tically as well as laterally. 

d. Swivel head cutting toolholder. * The swivel head cutting holder (fig 6) 
is a po's^lar toolholaer because a cutter bit can be mounted in it in several different 
radial positions. jThis feature allows it to be used as a straight shank holder or a 
right -hand' or left-hand offset holder and also permits mounting of the cutter bit at 
right angles to the .shank. 
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Figure 6. Shaper cutting toolholders. 



e. Extension bar cutting toolholder. The extension bar cu-tting toolholder 
(fig 6) supports the cutter bit in an exteQsion bar projecting forward from the shank 
of the holder,^ This cutting toolholder is adapted for cutting internal splines and key- 
ways on the shaper. The extension bar nnay be adjusted in the shank for length or for 
radial position by releasing a setscrew. The cutter bit fits through a slot in one end 
of the extension bar and is clamped in place by a setscrew. 

6, SWIVEL VISE, The swivel vise is the most common machine tool attach- 
ment used with the shaper. It is essentially the same as the swivel vise used for 
holding workpieces to the milling machine table (fig 7) and usually attaches to the 
shaper table with T-slot bolts. The vise body can be swiveled 260^ on a graduated 
base. The base is If eyed to the shaper 'table to maintain alinemenfof the graduated 
s'c.ale, ^ 




Figure 7. Snivel vise* 
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7. SHAEEE^OTARY TABLE. XheuJShaESr rotary table (fig 8) consists chiefly of a 
circular table containing T-slots, a table base, and an indexing p^n. The circular table 
has an engraved graduated scale and 12 equally spaced index pinholes in the circumferential 
surface whereby the table can be fixed in any desired position of rotation*, Workpieces 
are clamped to-the circular ta^bletop, using T -bolts. Typical operation? performed in 
conjxmction with the shap^ rotary table include slotting and angle cutting of workpieces 
which, due to their shape, cannot. be mounted conveniently in the swivel vise. ^, 




i^J-"! ^MmW^^M 



Figure 8. Shaper rotary table. 



8. INDEXING FIXTURE. 

a. General. , An indexing fixture (fig 9) is provided as a machine tool attachment 
with some shapers to hold the index workpieces for keyway and spline ciitting operations. 
The indexing fixture is generally much simpler than the indexing fixtures use^ with milling 
machines and the milling and grinding lathe attachment. 

r 

, b. Construction . The shaper indexing fixture usually consists of a base, an 

index head, one or more indexing plates, and centers. The w'orkpiece must be dl*illed and 
countersunk at each end so that it can be mounted between the live center in the index 
head and th^ dead center in the base. A clamp dog is' used t6 lock the workpiece to the 
index^head spindle.' The indexing plate, containing equally spaced pinhole-s, is mounted 
to the forward end of the index head spindle where it contacts an indexing pin mounted at 
^the side of the index head, indexing is accomplished by moving the indexing plate a 
specified number of holes past the indexing pin to rotate the workpiece a desired distance. 
Unlike the indexing fixtures for the milling machine and milling and grinding lathe attach- 
ment, the indexing plates are coupled directly to the index head spindle. Indexing plates 
containing rings of different numbers x)f holes ar«e ful*nished. 
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Figure 9. Indexing fixture for the shapfef. 
9. MOUNTING WORKPIECE'S. 

a. Side n:iountinR. Cylindrical stock^ requiring end surfacing can be mounted 
to the side of son:ie shapef tables. On these machines', a vertical V-groove is ma- 
chined in Che side of the shaper fable, and cylindrical workpieces can be clamped in 
this groove by application of a simple strap secured by bolts to the table (fig 10), 

. ^' Rotary niounting. Figure 11 shows a workpiece properly mounted to the. 
shaper rotary ta{)lfe.. Note that the workpiece in this case,has been fastened to the 
table using T-slot bolts. The workpiece also can be clamped to the table using W- 
chme strap clamps with the T-slot bolts, or an angle plate can be fastened-to the''"' 
table and the workpiece clamped to the angle plate. 

. . . r: . . ■ - , 




Figure 10, Mounting 'cylindrical stock to- side of the shaper table. 
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Figure 11, Slotting ope tation with workpiece mpunted on shaper rotary table. 

10, SHAPER CUTTING SPEEDS, 

a. General. Shaper cutting speed is designated as the rate in feet per 
^inute the cutting tool passes over the workpiece. This rate applies only to the 
cutting stroke and not to the retur^^Mi^oEi^ ^ ^ ^ 

bt Factors governing speed , ' The correct speed to be used for any given 
shaper operation will depend on the size, shape, and material of the cutter bit ox* 
cutting tool, the type of material to* be cut, the cutting oil used (^-aiiy), the feed and 
depth of cut selected, and the speed limitations of the particular shaper. 



£, Selection of cutting speeds. Typical cutting speeds for vSrtpus" materials 
are listed in table EE, These speeds are approximate and should be readjusted if 
excessive tool wear is noted.^ ^ • 

TABLE n, SHAPER CUTTING SPEEDS 



r 



Aluminum 
BrMt 
Bronze 
Cut iron 

iCopp«r 
iMonel mrtnf' 
lS(e«^ m«-'lunr 
gteel, bird 

ptefl forglntt: 
Soft 

Hftrd ftlloyc 



f 



Opcf»t:«« * 



I Routing and ftmshin^ 
I Roughinr *nd ftnUhini; 
Roufhinf and Ifninhsn^ 

Roughing 

Finishing 

Uungtiing ftnd Anishing 
UougHing tnd finifthtng 
Rou'ghing •lid' finishing 
Roughing tnd fintihing 
Roughing and ftnuhing 



. Roughinf and flmahfng 
j Roughing and ^tuihing' 



i for kt(n<«(Mt^ 
at«ricatur 



I 



f ,60 to 200 
I 50 to 100 
! 30 to 50 
I 35 to 70 
I 25 to 4S 
30 to 5<) 
; 30 Ui,5fl 
45 to 75 
25 to 60 
30 to 60 

40 t'l 60 
n to 30 



UM^i V* tu*n with wKt* f«rH< V,t ftn^ftim* ittf/+c»<. « »Jow»r euttiae ipfr^ u u#*4 19 mnterr< ih« 
cjittai M^. 



:erjc : 
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II. .SETTING SHAPER STROKE. 



a. General, Kno>yIedge of proper cutting speeds for the shaper is valtfe- 
iess without understanding the reciprocating action of the shaper ran) and how cutting 
speeds^re translated into strokes per minute of the ram. 

b. Changing cutting gpeed to strokes per minute * The ram of the shaper 
recipr-ocatesj or moves forward and back, to push the cutter bit across the workpiece 
and. pull the cutter bit back again. The cutter bit cuts only on the forward movement, 
and this is designated as the cutting stroke. The back movement of the ram, during 
^hich the cutter bit does not cut, is called the return stroke, 

(1) On all shapers*, the return stroke is quicker than the cutting stroke. 
On most shapers, the ratio of the time of the cutting stroke to the 
return stroke in any one cycle is 3 to 2; or, in other words, the 
' cutting stroke consumes three •fifths of the cycle time and the return 

.stroke consumes two-fifths of th^ time. 

' (Zy To change a cutting speed giVen in feet per nninute to cutting strokes 

per minute, it is necessary to apply a formula based on the relation- 

'ship of the cutting .stroke time to the return stroke time ((1) above). 

The fo^rmula is: Number of strpkes per minute equals the cutting' 

speed in f.p.m. (feet per minute) divided/by the product of 0. 14 

times the length of the stroke in inches, of; 

. .r : , cutting speed (f.p.m.) 

Number of strokes per minute = 7^ — r—^, i^„^«.u iiT^^u^^ \ 

^ 0. 14 X stroke length (inches) 

_ -For example, if it is desired to cut material at 70 feet per minute 

• cuttijig speed, and the shaper ram is adjusted for a 5-inch stroke, 

the number of strokes per minute equals 70 divided by the product' 

of 5 times 0. 14, or 70 divided by 0.? or 100 strokes per minute. 

I 

(3) If the number of strokes per minute and the length of the stroke is 
known and it is desired to calculate the cutting speed, multiply the 
number of strokes per minute by the length of the stroke in inches, 
and then multiply the product by 0. 14, as: cutting speed (f.p.m.) 
= 0. 14 X stroke length (in.) x number of strokes per minute. For 
example, if^the shaper makes 100 strokes per minute, and the stroke 
is 5 inches long, the cutting speed eqxials 0. 14 times 5 times 100,. 
or 70 feet per minute. 

c. Adjusting length of stroke. ^ 

(1) Since the length of the shaper stroke is a factor relating the cutting 
bpeed in feet per minute to the shaper rani speed in strokes per 

' ' minute, it can be seen that excessive travel of the ram during each 

stroke will increase the time required to complete a job. For ex- 
ample, if a woukpiece is 4 inches long and the stroke of the machine 
is adjusted to 10 inches, it will take twice as long to machine the 
workpiece at a given cutting speed than it will if the stroke were 
adjusted*to 5 inches. 

(2) For economical operation of the shaper, the stroke should be adjusted 
to equal the length of the workpiece plus an additional 5/8 inch for 

' clearance. The 5/8-in<:h clearance addition applies tq most common 

^ * shaper operations. Some specific operations will require a greater' 

or lesser clearance. 
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d<^ ' Poslfioning the stroke. After the stroke id adjusted to the proper 
length, it is necessary to position the ram so that the stroke is located o^er the 
workpief e as illustrated in figure 12. The ram should be positioned so that the 
cutter bit moves 1/4 inch beyond the workpiece on the forward or cutting stroke, and 
3/8 inch behind the workpiece on the :;eturn stroke. When positioning the stroke, 
the ram should be moved throughout a complete cycle by hand to make sure the ram 
was located at the extreme ^nd of the stroke when the adjustment was made. 



I I 



[ 



n..v«.^ 1^ STROKE W 



RAM ICFCftC AOJUSTUtNT 



r-* 
I • 
I 



[ 



STROitC 5- V» IN 



CUTTC« a»T 



Afitn pnoptn 

KAM AOJUSTWCnT 
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Figure 12. -Locating ram stroke position. 
12.. HORIZONTAL PLANING. 

a. ' General . Much of the work done on the shaper is the planing of flat 
surfaces on workpieces. The horizontal surface produced is the result of a series 
of cuts made, with a single -point cutter bit. 

b. Setting up workpiece . The workpiece to be horizontally planed*is mounted 
in the swivel vise, -mounted on the shaper rotary table, or mounted directly to the , 
table of the shaper. The shaper should be properly alined and the surface to be planed 
should be adjusted parallel to the table. The workpiece must be rigidly mounted to 
prevent possible shifting that would result in an inaccurate cut. 

^c. Horizontal planing operation. Wherever possible, the cut is made from 
the rightlide of the workpiece to the left so that the operator can easily observe the 
cutting action fr,om his position at the right side of the machine. In this case, a left- ^ 
hand cutter bit is used. The table is fed to the right. An example of horizontal 
planing is shown in figure 13. ' 
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Figure 13, Horizontai planing operation. 



13, ANGULAR PLANING. 

Generah Angular planing is the cutting of a surface on the shaper 
which IS neither parallel nor perpendicular to the surface of the-shaper worktable. 
This ojieration should not be confused with the cutting of angular surfaces by hori- 
zontal planing^ with the workpiece mounted at an angle to the shaper table. 

- Setting up workpiece. The workpiece should be mounted in the swivel 
vise or directly to the shaper table. Clearance for the cutting toolholder and cutter 
bit must be taken into consiideration if the angular surface is to be cut-across one 
'edge of the workpiece. This may necessitate mounting the workpiece higher than 
usual in the vise on parallels, or it may dictate a special arrangement of clamping 
devices if the workpiece is to be ,mounted directly to the shaper table. 

£• Angular planing operation . Angular planing is performed in the same 
basic manner as vertical planing using the tool slide to feed the cutter bit across the 
workpiece surface. The angular movement, however, is achieved by rotating the 
toolhead on the ram to set the tool slide parallel to the surface to be cut (fig 14). 
Using the engraved scale on the ram, the toolhead is 'set to the corr.plement of the 
angle to be cut (90° minus the angle to be cut). 

14. SLOTTING. 

J a^. General , Slotting operations are performed with inside keyway cutter 
bits having clearance angles ground on both sides. The cutter bit is fed downward 
into the workpiece using the tool slide. Typical slotting operations for shapers 
include keyway planing and spline cutting. 
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Figure 14. Angulai;, planing operation. 
Setting up workpiece, 

(1) The workpiece can be vise mounted or mounted directly to the 
shapef table if the slot is to be cut in the surface of flat stock. 
For slotting operations requiring indexing of slots, the workpiece 
should be set up oA the shaper rota^ ^^Lble or in the indexing fix- 
ture. 1 - - ' — - 

« 

(2) When planing keyways that do not run the full length of the shaft, 
a hole must be drilled at the point where the cut will terminate. 
This hole (fig. 15) must be on the same width and depth as the 
keyway. It is drilled to prevent building up chips in front of the 
cutter bit,, thereby allowing the -keyway to be cut to full size through 

^ out its depth* - " - - ' - . - — - 

(3) Where the finilhed keyway will not extend to either end of the shaft, 
starting holes must be drilled at both ends of the keyway (fig IS), 
Usually two ^adjacent holes are driUed at the starting point and the 
metat-^etwe^a the holes chipped out to give the cutter bit clearance 
to start the cut. tes practice also provides sufficient clearance . 
at the start of th;5 cut foi* the cutter I5it to "drop back down info posi- 
tion for the next cut. * . 
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Figure 15. Starting holes for keyway cutting. 



15. INTERNAL SLOTTING. 

a. General . Internal slotting is the operation of cutting slots in restricted 
areas of workpieces where a nornnal toolholder cannot enter, such as the cutting of 
keyv,ays or internal splines in a bore. This operation is performed using an extension 
bar cutting toolholder to pernnit entry of the cutter bit in the bore. 

b. . Setting up workpiece . The workpiece is nnounted either directly to 
the shaper table or in the Swivel vise. The workpiece must be firmly mounted and 
the vise javts or clamping devices must not be positioned where interference to the 
toolholder or cutter bit may result. It is suggested that a radial line be scribed on 
the hub to assist in alining the cutter bit with the workpiece. 

(!) The extension bar 6i the extension bar cutting toolholder (fig 6) 
should project^forward from the toolholder shank only as far as 
, required to perrhit the cutter bit to complete its cutting stroke. 

Excessive projection of the extension bar will increase the tendency 
for the cutter bit to chatter. 

(2) After settii?^ and positioning the shaper stroke," move the ram by 

hand through one cycle to "determine that all clearances are sufficient. 
i Particular attention should be given to the rear of the extension bar 

which might strike the shaper column if improperly positioned. 

.(3) The clapper box and the tool slide must both be positioned vertically 
to prevent bindings of the cutter bit during the return stroke. 

c. Internal slotting operation. A typical internal slotting operation is 
shown in figure 16. 

16. PLANING IRREGULAR SURFACES. 



a. Irregular surfaces are often planed on the shaper using either hand 
crossfeed and hand d.ownfeed or using automatic table crossfeed and hand downfeed. 
In either case, the -planing operation is one re<quiring constant attention of the operator 
and affair degree of skill on his part. ' 
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Figure 16. Internal slotting operation, 

b. The planing operation consists of a series of horizontal roughing cuts, the 
cutter bit and the workpiece being manipulated until the metal is cut to within 1/16 inch of 
the layout line. 

£. A roundnose cutter bit is used to make two finishing cuts, each cut removing 
1/32 inch of metal. It is recommended that final finishing of the surface be performed b/ 
hand filing to elinninate possible tearing of the edges caused by breaking of chips, 

17. SUMMARY. The deve'lopment, improvements, purpose, and operation of shapers 
were discussed in this lesson. You also received information on the types of shapers and 
shaper cuttitij tools. You learned the procedures for mounting workpieces, how to set 
speeds and strokes, and were oriented on planing and slotting operations. As a result of 
this lesson, yo\ir knowledge of shaper operations should be enhanced. 

EXERCISE 

\ 

-9,1. What designates the size of a shaper? 



a. Distance from the base to the tool slide 

b. , Width and length of shaper table 

c. Maximum length of ram stroke 



92. What permits lateral and vertical movement of the ^^aper table ' 



a, Crossrail 

b. Motor 
Indexing fixture 
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93. Why are vertically supporteci roughing cutter bits offset? 

a. A*llo%v^ down cutting 

b\ Provide right-hand cutting * 

c. Provide left-hand cUtting 

94. In which direction would a left-hand side finishing ci^tter bit normally move when cutting 

a. Backward 

b. Forward 

c. Down ' ' • ' • 

95. A cutter bit with a side clearance angle of 5^ to 9^, a back rake angle of 2^ to 8^, and 
a ra.He angle of 4° to 10° would be suitable for roughing what type of metal? 

Cast iron 
. b. Brass 
c.^ Copper 

96. What is the proper shaper cutting speed when using high speed steel cutting bits for 
roughing and finishing aluminum? 

*a-: 30 to 80 FPM 

b. 45 to 75 FPM ^ - 

c. 60 to 200 FPM 

97. If a shaper makes 70 s-trokes a minute and the stroke is 5 inches long, what is the 
cutting speed in feet per, minute?' 

a. 84 - 

b. 49 ' ' 

c. « , ... ^ 

98.. When'planing a L7° angle on ah angular piece of stock, what should be the degree 
reading On the toolhead? 

a. .17 ~ ^ 

b. 83 * 

c. 73 

99# What is used to fasten workpieces to the shaper rotary table? 

a. TTeez-head bolt 

b. Hexagon head screw 

c. C -clamp 

100. How far should the extension bar of the. extension bar cutting toolholder project be 
forwa^ from the toolholder shank when cutting an internal keyway? 

a. Never more than 3/8 inch behind the workpiece' 

b. Only as far as required to prevent chatter 

c. As far as required to complete the cutting stroke 
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CORRESPONDENCE COURSE 

of the 

US ARMY ORDINANCE 
CENTER AND SCHOOL 

LESSON ASSIGNMENT SHEET 

Ordnance Subcourse No 424 " . Machine Shop Practice 

Lesson 7 Milling Machine 

^ Credi't Hours Two - 

Lesson ^Objective After studying this lesson you will be abl^ to: 

1. Discuss milling nnachines as to history, 
types, use, nomenclature, and operation. 

2. ' Discuss milling machine accessory com- 
. - ponents as to types', use, selection,- 

mountings, C9.re, and maintenance. 

3. Explain various milling machine functions 
to include indexing workpieces, setting 
rate of speed and feed, plain milling, 
angular. milling, straddle milling, gang 
milling, face milling, form milling, drill- 
ing, and milling woodruff keyways. 

Text ^< Attached Memorandum 

Materials Required . . . None ^ - * , 

Suggestions .-If possible, visit a machine shop and observe 

the methods us-ed in milling machine operations, 

STUDY GUIDE AND ATTACHED MEMORANDUM 

1.' INTRODUCTION. 

a. History. Th$ first milling machine was invented in America in 1818 by Eli 
"Whitney, the inventor of the cotton ^in. This machine (fig 1) was developed to mass- 4 
produce interchanueable musket parts. He found that accuracy and uniformity could not be 
maintained using the old system of hand filing on filing jigs because the jigs were sut)jected 
to wear when the file touched the jig control surfaces, and only a few parts could therefore 
be accurately filed before the jig was inaccurate. The milling machine Whitney developed . 
had a horizontal spindle to which disks containing cutter teeth in the rim could be mounted 
and rotated. A sliding table was devised by which the, workpiece could be moved beneath 

the rotating disk, y On Whitpey's machine, the table feed was' powered by a belt connecting a 
feed shaft with the milling machine^spindle. 

b. Developments . Later developments in milling machines were made by Robbins 
and Laurence in. 1 953 and by Brown and Sharpe Manufacturing Company in 1855. The Brown 
and 5harpe machine was used primarily for cutting spur gears. In 1861, Brown^and Sharpe 
constructed the first universal milling machine^wiiich resembles the knee-type universal 
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milling machines of today. This machine contained an indexing head and a Variable speed 
table feed driven off the milling machine spindle. Its first important uses' \^-e re the cutting 
^-oi grooves in twist drills and the making of muskei parts during the Civil Waj;, 




Figure !• Whitney* s milling machine — 181 8, \ 

c. Improvements, By 1915, the milling machine had been developed to such a 
degree that the machine was capable of doing much heavier work than the milling cutters ' 
that had been previously developed. Heavier arbors were substituted, and new cutters 
shaped more like drums than disks were developed so that more material could be removed 
from workpieces in one pass of the table. High-speed tool steel had been developed in 1898 
and permitted fast cuts to be taken with these new cutters. Helical cutting teeth and staggered 
teeth 'Were later developed to reduce the, tendency of the tool to chatter while cutting. Varia- 
tions of the milling machine were later developed to perform special milling operations. 
Among these machines are the vertical milling machine, the ram-t>pe milling machine, and 
the profiling machine. 

2, GENERAL, ' - * - • --'^ 

a. Purpose, Milling is the process of machining flat, curved, or irregular sur- 
faces by feeding the workpiece against a rotating cutter containing a number of cutting edges. 
The process is identical in method to circular sawing; it is_ exactly* opppsed in method .to 
lathe-tuming where the workpiece rotates against a stationary cutter bit, 

b. Construction, The^milling machine consists basically of a motor driven spindle, 
which mounts and revolves thfr milling cutter, and a reciprocating adjustable worktable, 

1-^ which mounts'and feeds the workpiece past the milling cutter. 

c. Uses, It is not possible to list every operation with the capabilities of the 
milling niachine,_The_ niilling machine is excellent for forming flat surfaces, cutting dove- 
tails and keyways, forrhing and fluting milling cutters and reamers, cutting gears, and so 
forth* Many special operations can be performed with the attachments available'for milling 

" m^ichine use, " . \ 
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3. TYPES OF MILUNG MACHINES. 



a. General. Milling ^machines are basically classified as being horizontal 
or vertical to indicate the axis of the milling, mkcliine spindle. These machines are 
^Iso classified as being knee-type milling machines., ram-type milling machines^ 
manufacturing or bed-type milling machines, and planer -type. milling machines 
Most milling machines have self-contained electric drive motors, coolant systems, 
variable spindle speeds, and powe.rwoperated table feeds. ^ - , " 



b. KiYee^=typenmlilTrg~ma7lhihes . ^ . 

(1) Description . Knee-type milling machines are characterized by 
a vertically adjustable woi^ktable resting on a saddle that is 
supported by a khee. The knee is a massive casting that rides 
'^^^^^icallyan the milling machine column and can be clamped 
rigidly to the^colUmn in a position where the milling head and 
milling machine spindle are properly adjusted vertically for 
operation. Of the knee-tyge class of miUing machines, the most 
popular machines are the plain horizontal milling machine and the 
universal horizontal milling machine. 

Floor-mounted plain horizontal milling machine (fig^ 2) . 

(a) The floor -mounted plain horizontal milling machine's column 
contains the drive motor and gearing and a fixed-position 
horizontal milling machine spindle. An adjustable overhead 
arm containing one or more arbor supports projects forjvafd- 
the top of the column. 'The arm and arbor supports are 
' . used to stabilize long arbors upon which the milling cutters 

\ fixed. THe arbor supports can be moved along the over- 

^ ^ head arm to support the arbor where support is desired 

depending on the position of the^'Tnilling cutter or cutters. 

V'"' (b) The knee of the machine rides up or down the column on a 

^. ' T^igid track. A heavy, vertical positioning screw beneath the 

knee is used for raising and lowering. The saddle rests upon 
the knee and supports the worktable. The saddle moves in 
and out on a dovetail to control crossfeed of the worktable. 
The worktable traverses to the right or left upon the saddle 
for feeding the workpiece past the milling cutter. Thejtable 
may be manually contr.olled or power fed. 



(3) 



Bench-type j>lain horizontal milling machine (fig 3) . The bench- 
type plain horizontal milling machine is a small version of the 
maci>ine described in {^) above, being mounted to a bench or a 
^p^destal instead of directly to the floor.' The milling machine 
^spindle is horizontal and fixed in position. An adjustable overhead 
arm and arbor support are provided. The worktable is generally 
not power fed on this type .machine. The saddle slides on a dove- 
tail on the knee providing crossfeed adjustment. The knee moves 
vertically up or down the column to position ihe worktable in 
relation to the spindle. 
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Figure.3, Bench-type plain horizontal milling machine. 
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Floor -mounted^universal horizontal milling machine (fig 4) 



(a) The basic difference between a universal horizontal milling 
machine and a plain horizontal milling machine is in the 
adjustment of the worktable and the number of attachments 
and accessories availably for performing various special 
milling operations. The universal horizontal milling machine 
has a worktable that can swivel on the saddle with respect to 
the axis of the milling machine spindle, permitting worRpieces" 
to be adjusted in any position in relation to the milling cutter 
or cutters. The universal machine is always supplied with 
attachments such as the indexing fixture. 
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4. Floor-mounted universal horizontal milling machine. 

(b) The universal horizontal milling machine illustrated in 

figure 4 also differs from the plain horizontal milling machine 
in figure 2 in that it is of the ram type; the milling machine 
spindle is mounted in a ram at .the top of the columnjLhat-c^tn- 
be moved in and out to provide crcTSsfeed for milling operations. 
This feature permits additional rigidity of the worktable since 
a cros^feed dovetail is not necessary between the knee and 
the saddle. 

OS 42^, 7-P5 



259 



£. ' Ram^type milUjfg^tnachines . , 

(1) Description . The ram-type miTling-rna'chine -characterized by^ _ 
a spindle mounted to a movable housing on the column to permit 

feeding the milling cutt er forward o r rear ward in a ho rrizp^ntal ^„ . 

plane. Two popular ram -type milling macnines are th^.fLcor- 
mounted universal milling machine and the swivel cutter head 
ram-type 'milling machine. ^ 

(2) Swivel cutter head ram -type milling machine (fig 5) . This 
milling machine can be classified as a universal milling machine. 
A cutter head containing the milling machine. spindle is attached 
to the ram. The cutter head can be swiveled from a vertical 

'Spindle position to a horizontal spindle position or can be fixed at 
any desired angular position between vertical and horizontal. The 
saddle and knee are hand driven for vertical aii^lrcr.oss-feed adjust- 
ment while the worktahle can be either hand driven or power 
driven at the operator *s choice. 

MILLING CUTTERS. 

a. Classification of milling cutters . 

(1) General . Milling is the process of removing metal by means of 
a rotating cutting tool ot tools having^' number of cutting edges 
called teeth. Such tools are known as milling cutters or millsJ * 
They are usually m&de of high-speed steel and are available in a 
great variety of shapes and sizes for various purposes. .{There 
are over 50 kinds of cutters in general use; over 4,000 stock sizes. 
The names of tife most common classifications of cutters, their 
uses, and, in a gerieral ^yay, the sizes best suited to the work in 
hand are described in some detail in paragraphs below. 

(2) Milling cutter nomenclature . Figure 6 shows two views of a 
common milling cutter with its parts and angles identified. These 
parts and angles in some forijj^ are common to all types of cutters. 

(a) Pitch . The pitcH refer svto the angular distance between like 
parts on adjaceni^^teeth. ^The pitch is determined by the 
number of teeth. 

i 

[h) Face of tooth . The tooth face is the forward facing surface of 
the tooth that forms the cutting edge. 



{£) Land. The land is the narrow surface behind the cutting edge^ 
on each tooth. 




performs the cutting. 



{e) Rake angle. The rake angle is the angle formed bletween the 
face of the tooth and the center line of the cutter. The rake 
angle defines the cutting edge and provides' a path for chips that 
are cut from the workpiecfi;* 
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I P:igure 5. "Swivel Cutter head't-anj-typfe millkig machine." : ' . 

/ ' • ' ' 

' ' (1) ^ Primary clearance an^le . Vhe primary Clearance angle is the 
ang^e of the land of each tooth measured from a line tangent to 
the centerline of the cutter at the emitting edge. This angle « ' 
prevents; each tooth from rufbbing a'gainst the workpiece after 
it makes its cut. * „ . * 
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(Jl) Secondary' clearance'angle . This ai;jgle defines the "land of . 
each tooth and prqvides additional'dearanc^ fo^ passage^of 
• cutting oil and chips. , * ^ ' 

' • *• • 

(y Hole diameter .. The hole diameter determines the size arbor 
necessary to mojint the n^iUi-ng cutter. ^\ \ 

(1) Keyway , A keyway is.present on all arbor -mounting' cutter^ 
for locking the -cutter to the arbor. / * ✓ . 
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Figure 6, Milling cutter nomenclature. 

(j.) Spiral or helix angle . The spiral or helix angle, if present, 
refers to the spiral deflection of the teeth of the miUinjg cutter. 

Types of teeth . The teeth of milling cutters are either right 
hand or left hand, viewed from the back of the machine. Right- 
hand milling cutters cut when rotated clockwise; left-hand milling 
cutters cut when rofeted counterclockwise. 

(a) Saw teeth e Saw teeth,^ similar to those shown in figure 6, 
are either straight or'helical i;i the smaller sizes of plain 
milling cutters, metal slitting saw milling cutters, and end 
milling cutters. The cutting edge is usually given about 5^ 
primary clearance. Sometimes the teeth ar e'^provided with 
.offset nicks which break up the chips and mj^e coarser feeds 

possible. • w 

> 

(b) Formed teeth . Formed teeth are usually specially made for 
machining irregular surfaces or profiles. The possible 
varieties of formed-tooth milling cutters are almost unlHnited. 
The convex, concave> and corner-rounding milling cutters 
((4) below) are of this type. Formed cutters are sharpened 

by grinding the faces of the teeth radially and repeated 
sharpenings are possible without changing the contour of the 
cutting edge, . ^ . 

{£> Inserted teeth . Inserted teeth are blades of high-speed steel 
inserted and rigidly held in a blank of machine steel or cast 
iron. Different manufacturers use different methods of 
holding the blades in place. Inserted teeth are especially 
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. • economical and convenient for large-sized cutteri because of 
their reasonable initiaT Ibsts and because worn out or broken 
blades can be replaced easily. 

(4) Kinds of milling cutters . 

^-^ P^^i" milling cutter (fig 7). The mo.t common kind of 

milling cutter is known as a plain milling cutter.' It is merely 
a cylinder having teeth cut on its periphery for producing a 
flat horizontal surface (or a flat vertical surface in the case 
of a vertical spindle machine). When the cutter i, over 3/4 
inch wide, the teeth are usually helical, which gives the tool 
a shearing action and requires less power, reduces chatter 
and produces a smoother finish. Cutters with faces less than 
3/4 inch Wide are sometimes made vvlth staggered or alternate 
right- and left-hand helical teeth. The shearing action, 
alternately right and left, eliminates side thrust on the cutter 
and arbor. When a plain milling cutter is considerably wider 
than the diameter, it is .often called a slabbing cutter; slabbing 
cutters generally have nicked teeth. The nicked teeth prevent 
formation of overly large chips. 
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Figure 7. Plain milling cutters. 

<k) Metal slitting s^w milling gutter (fig 81 . The metal slitting 
saw milHng cutter is essentially a very thin plain milling ^ 
cutter. It is ground slightly thinner toward the center to 
provide side clearance.. It is used for metal sawing and for 
cutting narrow slots. 

^S) Side milling cutters . Side milling cutters are essentially 
, plain milling cutters with the addition of teeth onJiXo'r) both 
sides, • * 



1. 



A plain side milling cutter (fig 8) has^th on both sides 
and on the periphery. When teeth arb added, to one side ' 
only, the cutter is called a haK-side \illing cutter and is ' 
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identified as being either a right-hand pr left -hand cutter. 
Side milling cutters are gent-rally M^^e^rior slotting and 
straddle milling. 

Interlocking tooth side. miUing cutters a.nds^vaggered^ 
toofh side milling cutters {fig 9) are used for gutting 
relatively wide slots with accuracy. Interlocking tooth 
side milling cutters can be repeatedly sharpened without 
changing the width of the slot they will machine. After 
each sharpening, a washer is placed between the two 
cutters to' compensate for the ground-off m'etal. The 
staggered tooth cutter is the most efficient type for 
milling slots where the depth exceeds the width. 
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Figure 8. Side and metal slitting 5aw milling cutters. 
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""•-■Figure 9. Staggered and interlocking tooth sidje milling cutters: 
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(jd) End milling cutters. 



1. 



End milling cutters, also called end mills, have teeth 
on the end as well as thh periphery. The smaller end 
milling cutters have shanks (fig 10) for chuck mounting 
or direct spindle mounting. Larger end milling cutters 
(over 2 inches in diameter) are caUe^'shell end milling 
cutters and are mo^inted on arbors like plain milling 
cutters. End milling cutters are employed in the 
production of slots, keyways, recesses, and tangs. , 
They are also used for milling the edges of workpieces. 




UUICE TAfCX SHANK SfttAl aUH 
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Figure 10. End milling cutters. 

2^. End milling cutters may have straight or spiral flutes. 

Spiral flutfe end milling'cutter s (fig 10) are classified as ^ 
left-hand or right-hand cutters, depending osrlhe direction 
of rotation of the flutes. If they are small cutters, they 
may have either a straight or tapered shank. 

X Several common types of end milling cutters are 

illustrated' in figure 10. The most common end milling 
cutter is the* spiral flute end milling cutter which, 
contains four flutes. Single-end spiral flute end milling 
cutteir's are used for milling slots and keyways where no 
drilled hole is pr9vided for starting the cut. These ' 
cutters drill their o>vn starting holes. Straight flute end 
milling, cutters are generally used for milling soft^or 
tough materials while spiral flute cutters are usfed mostly 
for cutting steels. i 
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Faxe milling cutter . Face milling cutters are cucters of large 
diameter having no shanks. They are fastened directly ta<&he 
milling machine spindle with adapters, 'face milUag cutters 
are generally made with inserted teeth of high-speed steel or 
tungsten carbide in a soft steel hub. 



> 



T-slot milling cutter (fig 11) . The T-slot milling cutter is 
usejd to machine T-slot grooves m worktables, fixtures, and 
other holding devices.- The cutter has a plain or side mi-lling 
cutter mounted to the end of a narrow shank. The throat of 
the T-slot is first milled with a side or end milling cutter and 
the headspace is th.en milled with the T-slot milling cutter. 




WOOMUff KEYSIOT MlUiNG CUno 




T-SIOT MtUiNG CUTTEX 



ure 



is) 



(h) 



11, T-slot and wood ruff*!<eys lot milling cutters. , 

Woodruff keyslot milling cutter (xig II) . .The J^^^g^^iu^iff . 
keyslot milling center is made in hoth shanked and arbor 
mounted types.. The most common cutters of this type, those 
.under 1-1/2 inches in diameter, are provided with a shank. 
They have teeth on.the circunofer ential surface and slightly 
concave sides to. provide clearance. These cutters are used 
for milling semicylindrrcal keyways in shafts. 

AngK milling cutters . An-.angle milliT\g cutter is a cutter 

- that has pei^ipheral teeth which are neither parallel nor 
perpendicular to the cutter axis. Com'nion operations ^ 

- performed with angle cutters are cutting teeth in ratchet , 
■ wheels;, milling dovetails ,. and cutting V-grooves". Angle 

cutters'^niay be single-angle milling*cu:ter s (fig- 12) or 
double-angle milling cutters. The single-angle cutter con- 
tains side cutting teeth on the flSTt side 5f. the cutter. - The 
angle of 'the cutter edge is usually 45°^ 60^, or 80° for most 
operations^ Doutrle'-ang-le cutters are used for helical 
milling and have on'evsice at an angle of *lZf to the axis and 
the other side at aji in<S>luGed angle of 40°, 4ao, or 50° to the 
/irst side. 
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ijj Concave and convex milling cutters (fig 13), Concave and 
convex milling cutte-rs are formed tooth cutters shaped to 
produce concave and convex contours of one-half circle or 
less. The size of the cutter is specified by the diameter of the 
circular forjn the cutter produces. 
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Figure 12. 'Single -jangie- milling cutters. 
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Figure 13, Concave^, convex, and corner rounding milling cutters. 
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(j) Corner rounding milling cutter (tig 13) . >T-he corner rounding 
milling cutter is a formed tooth cutter used for milling 
rounded corners on- workpiecos up to and including one -quarter 
of a circle. The size of the cutter is specified by the^iaiir^eter 
of th"^ circular form as with concave and convex cutters. 

\V) Gear^hob. The gear hob is a for med-tooth mUling cuttft with 
^ ^ ~ helical teeth arranged^Ske the thread on a screw. These^teeth 

^ are fluted to produce the required cutting edges. Hobs are 

generally. used for such work as finishing spur gears, spiral 
gears, and worm wheels. They may also be used for cutting 
ratchets and spline shaits. 

(1) Special shape formed milling cirtter . Formed milling cutters 
" have the^dvantage of being adaptable tp any specific shape 

.for special operations. .The cutter is made specially lor 
• ^ ^ ^ .each specific job. The cutter can be sharpened cnany times 

without destroying the shape. of the cut. 

Selection of milling cutters . TJ;ie following factors should be considered 
.n the. choice of milling cutters. 

(1) Type of machine to be used , ^High-speed steel, Stellite, and 
cemented carbide ctitters have the distinct advantage of being 

- capable of rapi'd production when used cn a machine that ;:an rej.ch 
the proper speed. 

(Z) Method oi holding the workpiece . For example, 4S^ angular cuts 
n>ay either be ma4e with a 45^ single -angle milling cutter while 
the workpiece is held in a swivel vise, or with an end milling 
cutter wh^le the workpiece is set at the required angle in a 
universal, vise. 

(3) Hardness of the matertal to be cut . The harder the material, 
the greater will be the heat that is generated in cutting. Cutters 
should be. selected for their heat-resisting properties. 

(4) Amount of material to be removed . A coarse -toothed milling 
cuttjer should be used J^rj>^oughing cuts, whereas a fine toothed 
milling cutter may b^^ed for light cuts and finishing operdtions. 

^^5) Number of pieces to be cut . For example, when milling stock to 
. length, the choice of using a pair of side milling cutters to straddle 
the workpiece, a single-side milling cutter, or an ^d milling 
cutter will depend upon the number of pieces to be cut. 

(6) Class of work being done . Some operations can be accomplished 
with more than one type of cutter such as in milling the square • 
end on a shaft or reamer shank. In this case, one or two side 
milling cutters or an end milling c\^er may be used. However, 
• • for the majority of operations, cutties are specially designed 

and named for the operation they are to accomplish.* 
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Rlgi^y and size of the worjcpiece : The milling cutter used 
should be small enough in d^ainiiter sq thatjbe^ressuf el>T1t^^^^^ 
cut will not cause the workpleceto be-ipT^or- displaced while 
being miUed^ \ - - 



(8) 



Size of the milHng cutter. In selecting a m-illing ciittex for a 
particular job, it should be r emembered thara sm^il diameter 
cutter will pass over a surface in a shorter time "than a large 
diameter cutter which is fed at the same speed. This fact is' . 
illustrated in^figurei 14. 
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Figure 14. Effect of milling cutterMiameter on workpiece travel. 



c- Care an 



^ , ^^^intenance of milling cutters. . Thft life of a^milling cutter 

can be greatly prolongWby intelligent use and proper storage. General rules for 
the care and maintenance of milling cutters are given below. 



(1) 



(2) 



(3) 



New cutters received from stock are usually';;vrapped in oil^ 
paper which should not be removed until the cutter is ujsed. 

Care should be taken to operate the machine at the proper speed 
for the cutter being used, as excessive speed will cause the cutter 
to wear rapidly froQx overheating. 

• 0 

Whenever practicable, the proper cutting oil should be used on 
the cutter and workpiece during operation, since lubrication helps 
prevent overheating' and consequent critter wear. » 



(4) Cutters should be kept sharp, because fluU cutters require moxe- 
power to drive and this power being transformed into h«at soften^ 
the cutting edges. Dull cutters should be marked and set aside 
for grinding. ' • 



(5) A cutter should never be operated backward because, due to t\e 

clearance angle, the cutter will rub producing a great deal of 
» frictionai heat. Operating the cutter backward may result in 
cutter breakage. 
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(6) i!)art should bte taken to prevent the cutter :rom striking rhe hard 
jaw5 of the vise, chuck, clamping bolts, or nuts. 

(7) A milling cutter should be thoroughly cleaned <vnd lightlv coatcc 
with oil before storing. 

(8) Cutters should be placed in drawers o;r bins in a manner 

,^ that their cutting edges will not strike each cEher. Small cu:t.irs 
that have a hole in the center should be hung on hooks or pegs, 
while large cutters should be set on end. Taper and straight shank 
cutters;- may be placed in separate drawers, binb, or racKS pr.,Mded 
with suitable sized holes to receive the shanks^. 

3. ARBORS. 

a. Description . 

(1) J An arbor is a shaft or mandrel used to mount cuctmg tools tor 

nrtachining operations. Arbors are used in the milling ir.dchjr.e 
spindle to secure and to drive milling cutters that cannot oe . 
mounted directly in the spindle, 

(2) Arbors are supplied with one of three tapers to fit the milling 
machine spindle, the Milling Machines Standard taper, the Brown . 
and Sharpe taper, and the Brown and Shafpe taper with tang^ 

(fig 15). • ^ 

(3) The Milling Machine Standard taper (fig 15) is used on most 
machines of recent manufacture. It was originated by milling 
machine manufacturers to facilitate removal of the arbor from the 
spindle. 

(4) The Brown apd Sharpe taper (fig 15) is found mostly on. older 
machines. Adapters or collets are used to adapt these tapers to 
fit machines whose spindles have Milling Machine Standard tapers. 

(5) The Brown and Sharpe taper with tang is used on some older 
machines. The tang engages a slot in the spindle to assist in 
driving the arbor. 

b. Standard Milling Machine arbor (figs 16 and 17) . 

(1) The Standard Milling Machine arbor has a straight, cylindrical 
shape with a Standard Milling Machirie taper on the driving end 
and a threaded portion on the opposite end to receive the arbor 
nut. One or more milling cutters may be placed on the straiznt 
cylindrical portion of the arbor and held in position by means of 
sleeves and the arbor nut. ,The Standard 'liUing Machine 'irbor.. 
•is usually splined and keys are used to lock cacii cutter to the 
arbor shaift. These arbors are supplied m various lengths and 
standar d- diameter s. 
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Figure 15. Tapers used for milling machine arbors. 
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Figure 16. Standard milling machine arbor installed on the'milling machine 



(2) The end of t^e arbor opposite the taper is supported by the arbor 
supports of the milling. machine. One or more supports are used 
depending on the length of the arbor and the degree of rigidity 
required. The end miy be supported by a lathe center bearing 
against the arbor nuHfig. AG) oi-by a bearing surface of the arbor 
fitting inside a bushing of the arbor support. Journal bearings are 
placed over the arbor in place of sleeves where an intermediate 
arbor support is positioned. 

(3) The most common means- of fastening the arbor in the milling 
machine Spindle is by use of a draw-in bolt (fig. 16). The bolt 
threads into t.^e taper shank of the arbor to draw the taper into 
the spindle and hold it in place. Arbors secured in this manner 
are removed by backing oat the draw-in bolt and tapping the end 
of. the bolt to loosen the taper. , ^ 
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Figure L7, Types of milUng machine arbors. 



c. Screw arbor. (fig Tl? )' Screw ^rbprs are used to hold small cutters 
that havelhreaded holes. These arbor% have a taper next to the threaded portion 
to provide alinement a£nd supjiort for tools that require a' nut to hold them against 
a t^per surface. . A right-hand threaded arbor must be us^d for right-hand cutfers 
while a left-hand threaded arbor is used to mount left-hand cutters. 

d. - Slitting sawmilling cutter arbor^ (fig 17) . /the s-litting sawmilling 
cutter arboi-.is a shprt arbor having tfwo flanges between which the milling cutter 
is secured by .Tightening a clamping^nut. This arbor is tised to hold metal slitting 
sawmilling cutters used for slotting, slitting, and sawing operations. 

e. End milling cutter arbor . The end milling cutter arbor has a bore 
in the enJin ^hich straight shaftk end milling cutters fit and are locked in place by 
means of a setscrew. 

' t Sheii end milling cutter arbor (fig 17) . The shell end milling cutter 
arbor holds shell end milling cutters by means of a retaining screw in the end of 
the arbor. Two lugs on the arbor fit into the slots of the cutter /to prevent the 
cutter from rotating on the arbor. 

Fly cutter arpor (fig 17) . The fly' cutter arbor is used to support a 
8i»gle-edge lathe, shaper, or planer cutter bit for boring and gear cutting operations 
on the milling machine. 
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6. COLLETS AND SPINDLE ADAPTERS. 



a. Description . Milling cutters that contain their own straight or tapered 
shanks aire mounted to the nnilling nnachine spindle with collets or spindle adapters 
which adapt t;he^cutter sha^^k to the spindle. 

b^. Collets . Collets for milling machines serve to step up or increase 
taper sizes so that small shank tools can be fitted into large spmdie recesses. 
They are, similar to drilling machine sockets and sleeves except that their tapers 
are not alike. 

£• Spindle adapters . Spindle .adapters are used to adapt arbors and 
milling cutters to the standard tapers used for milling machine spindles. With the 
proper spindle adapters, any taper or straight shank cutter or arbor can be fitted 
to any milling machine if sizes and tapers are standard. 

7. INDEXING FIXTURE. 

a. Purpose . The indexing fixture (fig 18) is an indispensable accessory 
for the milling machine. Basically, it is a device for mounting workpieces and 
rotating them a specified amount about the workpiece aocis, as from one tooth space 
to another on a gear or cutter. 
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Figure IB, Indexing fixture. 

b^. Description . This index fixture consists of an index head, also called 
a dividing head, and a footstock, which is similar to the tailstock of a lathe. The 
index head and footstock attach to the worktable of the milling machine by T-slot 
bolts. An index plate containing graduations is used to control the rotation of the 
index head spindle. T.he plate is fixed to the index head, and an index crank, 
connected to the index head spindle by a worm gear and shaft, "is move^abouT the 
index plate. W^orkpieces are held between centers by the index head spindle»Sind 
footstock. Workpfeces may also be held in a chuck, mounted to, the indAc head 
spindle, or may be fitted directly into the taper spindle recess of some indexing 
fixtures. 



£• Types . There are many variations of the indexing fixture,. Universal 
index head is the name applied to an index head designed to permit power ;dri^lre of!" 
the spindle so that helices may be cut on the milling machine. Gear cutting attatrli- 
ment is another name applied to an indexing fixture; in this ca^e, one that is •» ^ 



primarily intended for cutting gears on the milling machine. 
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. . 8. HIGH-SPEED MILLING ATTACHMENT* th^rate of spindle speed of the 

milling machme may be increased from 1-1/2 to 6 times by the use of the high-speed 
Jriilling attachment. This attachment is essential when Ubing cutters and tv.i3t dnUs 
which must be driven at a high rate oi speed in order lo obtdin an efficient surface 
ff speed. The attachment iS <:lamped to the column of the machine and :s druen by a- 
set of gears from the milling machine spindle. 

9. ^ VERTICAL SPINDLE ATTACHMENT/. T^is attachment converts the 
horizontal spmdle of a horizontal milling machine to a vertical spindle. It ib clamped 
to the column and driven trom the horizontal spmdle. It incorporatjes provisions tor 
setting the head at any angle, from the vertical to the horizontal, in a plane, at rij-ht 
angles to the machine spindle. End milling and face milling operations are more 
easily accomplished with this attachment, due to the fact that the cutler and the , 
surface being :ut are in piam view. 

10. UNIVERSAL MILLING ATTACHMENT. This device is similar to :he 
vertical spindle attachment but it is more versatile. The cutter head cai\ hi- 

swiveled to any angle in any plane, whereas the vertical spindlo attachment only _ 
rotates in one plane from horizontal to vertical* 

11. CIRCULAR MILLING ATTACHMENT. This attachment consists of a 
Circular worktable containing T-slots for mounting of workpieces. The circular 
table revolves on a base which attaches to the milling machine worktable. The 
attachment can be either, hand or power driven, being connected to the table drive 
shaft if power driven. It may be used for milling circles, arcs, segments, and 
circular slots, as well as for slotting internal and external gears The ^^able of tho 
attachment is divided in degrees. 

12. OFFSET BORING HEAD, The offset boring head is an attachment that'' 
fits to the milling machine spindle and permits a single*edg0 cutting tool, ->uch as a 
lathe cutter bit, to be mounted off-center on the milling machine. Workpieces can 
he mounted in a vise attached to the worktable and can be bored with this attachment, 

•» • 

13. INDEXING WORKPIECES. 

a. General. Indexing, as applied to machining practices, is the procobs 
of evenly"dividing or spacing workpieces such as is required in the cutting oi tooth 
spaces on gears, the milling of grooves- in reamers and taps, and^t.he lorming Oi teeth 
on milling cutters. The index head of the indexing fixture is used for this purpose 

b. Index head . The index head of the indexing fixture (fig. 18) contains 
an indexing mechanism which is used to control the rotation of the index head 
spindle to spa_c_e_o_r_d_ivide a workpiece accurately. Figure 19 illustrates a simple 
indexing mechanism. It consists of a 40-tooth worm wheel fastened to the index . 
head spindle, a single-cut worm, a crank for turning the worm ^haft, and an index 
plate and sector. Since there are 40 teeth in the worm wheels one turn of the index 
crank causes the worm wheel, and consequently the index head spindle/ to ma^^e 
1/40 of a turn; so 40 turns of the index crank revolve the spindle I full turn. 

c. Plain indexing . 

(1) General . The following principles apply to basic indexing of 
workpieces. 

' (a) Suppose it is desired to mill a spur gear wit^S equally 

spaced teeth. Since 40<urns of the index crank will turn the 

^, . 
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Figure 19, Slmpl;^ indexing jnechanism, 

I 

spindle 1 full^turn, 1/8 of ,40 or 5 turns of the crank>after 
' each cut will space the ^ear for 8 teeth. If it is desiired to 
space equally for, say, 10 teeth, 1/10 of 40 or 4 turns would 
produce the correct spacing. 

(b) The same principle applies whether or not the divisions 
- ^ required divide evenly into 40. For example, if it is desired^ 
^ ' to index for 6 divisions, 6 divided into. 40 equals 6 and 2/3 
^ turns; similarly, to index for, sky, 14Upaces, 14 divided 

into 40 equals 2-6/7 turns. These exampl-es may be multiplied 
indefinitely and from them the following rule is derived: To 
aetermine the, number of turns of the index crank nee4pd to' 
obtain /n^'divlsion of Wy number of equal divisions on the 
worko^ce, divide 4© by the n^imber of equal divisions desired 
(preyed the won^ wheel has- 40 teetTi, which is standard 
pr^actice). " ^. 

^ /plate . The index plate (fig. 20) is a round plate with a 

series of six or mor^Vircles of eq^ually spaced holes; the index 
pin on the crtek can be inserted in any hole in any circle. With 
the interchang€ible plates regularly furnished with most index 
heads, the ifeaiings necessary for most gears, bolt heajis, 
milling cuj^rsjl splines, and so forth, can be obtained. The 
followin^Aat^ plates are standard equipment. 

(a) Bxo^rfand Sharpe type, 3 plates of 6 circles each, drilled as 
folloN 

15, 16, 17, 18, 19, 20 holes. ^ 
plaU 2: 21, 23, 27, 29, 31, 33 holes. 

37^ 39, 4r* 43, 47, 49 holes. 

(b) Cincinnati type, one plate drilled on both sides with circles 
divided as follows : 



First side": 24. 25, 28. 30. 34. 37, 38, 39, 41. 42, 43 

' ■ holes. * - 

Se-^ond side: 46, 47. 49. 51,, 53. 54, 57. 58. 59. f?Z. 66 
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Figure 20. Index plate and sector. 



Indexing operation . The two following examples show How the 
index plate is used to obtain any desired part of a whole spindle 
turn by plain indexing. 



(a) 



(b) 



To mill a hexagon . Using the rule previously given in (l)(b) 
above, divide 40 by 6, which equals 6-2/3, turns, or 6 full 
turns plus 2/3 of a turn^on any circle whose number of holes 
is divisible by 3. Therefore, 6 full turps of the crank plus 
12 spaces on an 18-hole circle, or 6 full turns plus 26 spaces 
on a 39-hole circle y^ill produce the desired rVtjrfion of the 
workpiece. 

To cut a gear of 42 teeth . Using the rule again, divide 40 by 
42 which equals 40/42 or 20/21 turns, or 40 spaces on a 
42-hole circle, or 20 spaces on a 21-hole circle. To us*ithe 
rule given, -select a circle having a number of holes divisible 
by the denominator of the reqvv/red fraction o£ a turn reduced 
to its lowest terms. The number of, spaces between holes 
gives the desired fractional part of the whol6 circle. When* 
counting hples, start with the first hole ahead of the index pin. 



Rector . The sector (fig. 20) indicates the next hole 'in which the 
p;n is to be inserted and makes it unnecessary to count holes when 
moving the index crank after each cut. It consists of two radial, 
beveled arms which can be set at any angle to each other and then 
moved-together around the center of the index plate. • Suppose that, 



as shown in figure 21, it yj^e^^xed to. make a series of cuts, 
nioving the index crank l/r/J^tu^^tis after each cut. , Since the * 
circle illustrated has 20 lioles> tdxn the crank 1 full tuj-n, plus 
5 space^. afte/ each cut* Set the! sector arms to include the 
desired fractional part of a turn, or 5 spaces, between the beveli'd 
edges of its arms, as shown. If the-first cut is taken with the 
index pin against the left -hand ''arm, to take the next cut, move th^ 
pin once around the circle and into the hole against the ri'ght-hand 
arm of tire sector. Before taking the second cut, move the arms 
so that the^ left-hand arm is again against the pin; thij^m*oves the * 

^ right-hand arm another five spaces ahej^d of the pirf. Then take 
the second cut; repeat the operatipn'until all the cuts have been 

. completed. ' ' n 
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Note. — It is good practice always to index clockwise on the plate. 

» • ' 

d. Indexing in degrees . Workpieces can be indexed in degrees as well 
as fractions of a turn with the usual index head. There are 360^ in a complete 
circle and 1 turn of the index crank revolves the swindle i/40 of a revolution or" 9°. 
Therefore, 1/9 turn of the crank rotates .the spindle 1^. Wojkpieces can therefore 
be indexed in degrees by using a circle of holes divisible by 9. For exannple, 
moving the crank 2 spaces on an 18-hole circle, 3 spaces on a Z7-hole circle, or 
4 s^Bes on a 36-hole circle will rotate the spindle 1^. Smaller crank movements 
furJter subdivide the circle: moving 1 space on an l8-hole circle tui^s the spindle 
l/Z® {^0 min. ); 1 space on a 27-hole circle turns "the spindle 1/3° (20 min. ); and 
so forth. 

14. GENERAL MILLING OPEilATIONS. 

a. . ( General . The success of any milling operation depends to a great 
extent upon the judgment in setting up the job, selecting the proper rhilling cutter, ' 
and holding the cutter by the best means under the circumstances. Son:ie fundament 
practices have been proved by experience to be necessary for goord results on all 
jobs^ Some of these practices are mentioned below. * . 

0 

(1) Before setting up a job, be sure that the workpie-ce, the table , 
^ the bore in the spindle, and the arbor or cutter shank are all 

clean and free from chips, nicks, or burs. 

(2) Set up every job as clos5 to the milling machine column as the 
circumstances permit. ^ ^ 

*t 

(3) Do not select a milling cutter of larger. dia^meter than is 
necessary. ^ 

(4) Keep milling cutters sharp at all times. , 

(5) Do not change feeds or speeds while the milling machine is in 
operation^ - , ' ^ 

» * ' * . 

(^) Always lower the table befot^ backing the workpiece under a 
rev6lv\ng milling cuttfir^ ^ 

(7) Feed the workpiece jn a -direction opposite to the rotation of the 
milling cutter, except when milling long or deep sjots or when 

^ cutting off stock. ^ - * ^ ' • ' , 

(8) Never run a milling liutter backward. 

(9) 'When using clamps t6 secure workpieces, be sure that they are 

tight and that' the piece." is held so that it will not spring or vibrate 
under cut. ^ 

\ I ^ 

(IQ) Use a reconr^mejided cutting oil liberally. 

{11) Keep chips away fyom the table and from around the workpiece; 
^ brush them out of the way by any convenient mean^, but do not 

do so by hand oy with waste.. 
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(12) Us«e good judgment and common sense in^ plannu.g every job, and 
profit by previous mistakes, 

b. Operations » Milling operations may be classified under lour general 
headings as follows: 

(1) Farce milling - machining flat surfaces which are at right angles 
to the axis of the cutter. . 

* ^ * , ♦ 

(2) Plain or slab milling -'machining fla: surfaces which are parallel 
to the-axi§'of the cutter. - \ ^ 

(I) Angular milling - machining £Jat surfaces which are at an 
inclination to the axis of the cutter. 

(4) Form mrihng - machining surfaces having an#irregular outline. 

15. S"5?EEDS FOR .VULLING CUTTERS. ' 

■ a. General . The speed of a milling cutt^r'is the distance in feet p'er 
minute each tooth travels as it cuts its chip. The number of spmdle yevolutions 
per minute necessary to give a desired peripheral speed deperid^ on the si-ze oi the 
milling cutter. The best speed is determined by the kind of material being cut*and • 
the material, size, and type of cutter used. The smoothness o: finish desired and 
power available are other factors relating to cutter speed. < 

b. Selecting proper cutting speed . 

(1) The approximate values given in table I I'nay be used as a guide 
for selecting the proper cutting speed. If the operator finds th<it 
th'e machine, the milling cutter, or the workpiece cannot be 
handled suitably at these $peeds, immediate readjustment should 
be made. 

(2) Table I lists speeds for high-s^peed steel milling cutters. A 
carbon steel gutters are used, the speed should be about one- 
half the recommendea speed in the table. If car &ide -tipped 
cutters are. used, the sotted can be double. 

(3) For roughing >^ats , a modera^ speed and coarse feed often give 
best results; for finishing cuts, the best practice is to revers^ 

' these conditions , using a higher ^pAed and a lighter feed. 

c. Speed computation. * 

(I) The fxjrmula for calculating^ £[Ar.dle speed :n involutions per 
X * minute is a-s iclilows: 



r . p. m. 



12 f . n . m . 



^v^^ore, r. p.m. - spmale speed^^n r 'jlution/* per minufc), 
^ f. p.m. - cutting speed o^ milling culler ti5. t. p. m. .'surfac^j 

— -J . :t. per mm.)); 

3. 14 

* D = Diameter oi milling cutt^/. .n ). - 
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For example, the spindle speed for machining a piece of steel at 
a speed of 35 'STf. pvht;' with a cutter 2 inches in diameter is 
calculated as follows: 



r . p. m. = 



12 f. p. m. _ 12 X 35 . , ^ 
— ' r: — rz = o6. 9 r. p. m. 



3. 14 X 2 



•Therefore r the milling machine spindle would be set lor 
approximately 67 r. p. m. 

ABLE'L .MILLING MACHINE CUTTING SPEEDS FOR HIGH-SPEED 
STEEL BULLING CUTTERS, 











MilrriiJ 
















AliiiiiiiHiin 
lira.-'* rnm|>o«iitiori 
BravK vr|!o\v 
Hrouzo, ()ho<>pltor anfl 


400 to 1. 000 
1J5 to JOO 
150 to 200 
do to so 


4tK)to l.OCO 
90 to 200 
100 to 250 
2o to 100 


. 400 to 1.000 
■ 90 to 150 
100 to 200 
, 30 to SO 


' 400 to 1.0^ 

90 to 150 
^ 100 to 200 

j 30 to SO 

1 


f'a^t jrofi Jiard* 
C'aj*t irnu .soft and 
mcdnirw. 


2o to 40 
40 to 7'> 


10 t o -50 
25 to SO 


* 25 to 40 
, 35 t<^ 65 


. -iO.to 45 
, 30 to SO 


Monel rnelal 
i^tcpl, hard 
St«l. *oii 


50 t<^75 
25 to ^ 
tH) to UO 


60 to 75 
25 to TO 
45 to 110 


40to«0 
25 to 50 
50 to S5 


1 40 to i>0 
' 25 to 70 
. 45 to'IOO 



* For rifhon jttf i mllrrt IfnrxV tiJu^js b> '<) r* rcfnl 



(2) Table 11 is provide!^ facilitate spindle-^peed computations for 
standar-d cUtling speeds and standard milling cuttersT 

16. FEEDS FOR MILLING. ' * ' ' 

^ , a. General . The rate of feed, or the speed at which the workpiece 
passes t^!e cutter, determines the time, required for cutting a job. 

b. DesigiY^tioa of teed . The ^eed of the milling machine may be designated 
either in "inches per minute" or "thojisahdths of an inch per revolution ol the 
spindle " ' . * 



' (1) The ir.ches per minute system 15 used :n the newer machines, :n 

which feed kn.d spindle -speed operate independently of each other, 

? ' (2) The thousandths of an inch per revolution of spindle system is used 

^ on the cone dr»ive machines on which speed and feed are inter- 
dependent, and a change *in speed causes a similar change in feed. 

17. CUTTING C3lLS. 

a. Purpose . The major advantage of a cutting oil is that it 'reduces 
frictional heat, thereby giving longer life to the cutting edges 6f the teeth. The oil 
als.j' serves to lubn*cate the cutter face and to flush^away the chips, consequently . 
reducing the possibility of marring the finish. 
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TABLE MILLING CUTTER ROTATIONAL SPEEDS. 



(tn.) 



!_ 



4fc 



I 





382 


*458 T 


535' 
'428 
357 


611 


764 


917 


1,070 


i;222 't;m' 


1.52^ 


!l.834 


^2. 13J 


2.445 


,3. 056 


pi.— 


30« 
255 


Z%7 J. 

, 306 M 


489 
408 


61J ^ 
509. 


733 
611 


.8S6 

713 


978 
315 


916 


1. 222 
1.-0I8 


il;4M ' 1. 7X1- 
H.425' 


I. 956 }2, 4,44-. 

II, ^^2<033 





191 ' 




306 


349 


437' 


524 


611 


699 


786 


874 


'1.049 


!l,224 


,1,398^ ?l'.'T48' 





268 


306 


382 


459 


535 


611 


688 


:764 

6l2j 


) ?J7 


11.070 


ll, 222 


1.508 




15^ 


184 ! 


2U 


245 


306 


3^7 


428* 


489 


552 


j 736 




; 979 


!l.224 


y* 


f r— 

•l27 


153 I 


178, 


203. 


''254 


306 


.357 


.408 


458 


508' 


I 610 


j 711 


813 


l!.0l6 


ji 


109 


131 L 
115 [ 


153 


175 


21W 




306 


^349 


392 


438 


526 


; 613 


70 » 


876 


I 


95 5 


134 


153 


191 


229 


267 


'306- 
\ 


344 


382" 


1 458 


: 535 


oil 


' 764 


m 


.76.3 


91 8) 


107 


123 


153 


18> 


2U 


246 


274 


306 


1 367 


' 4:s 


: .4^ 


612 


1!4 


63 7 


76l 3i 


S9 2 


102 


127 


153 


178 


204 


230 


254 


I 305 


356 

do5 


] 1O6 


508 

' 438" 




5+ 5 


, 65 5j 


76 4 


87 3 


109 


131 * 


153 


^ w5 


196 


218 


, '262 


1 349 

I 



2... 

2S? 



47 8; 57 3' 66 9 76 4. 95 51,115 i 134 > 153 
3a 2. 45 81 53. 5 2J 76 3^ ' 91 7 107 122 

31 8^ 38 21 44, 6' 51 i, 63. 7^ 76 4' 89 1 102 



172 
138 
114 



3H.... 

4;. 

5 



27.*3l* pZ 
23 9. 28- 
19 1!' 22 9! 



15 9; 
13. 6! 
11.9 



19 1« 

la 4} 

14.31 



38 2: 
33. 4j 
26 7; 

22. 3. 
19 Ij 
16. 7 



43. 6! 
38 2| 
30 6 



54 5i 65 5I 
47. 81 57 3| 
38 2\ 45 9i 



76 4» 87 4 
66. 9 76. 4 
53 5 61 I 



98 h 
86 I 
68 8i 



191 { 229 I 267 306 382 

153 , 184 1 213 245 ' .J06 

127 I M2 ' 17» '203 254 

153 i '74 > 218 ' 

134 ' 153 ■ 191 



109 > 
95 V 
76 I 



131^ 
115 

91 : 



25 5! 
21 8; 
19. li 



31. 8i 
27. 3! 
23. 9] 



38 3, 
32 7i 
28. 7: 



44 6 51.0 
38 2 43. 7" 
33 4 38 2; 43 



57.2! 
49 V 



63 61 
54* 6; 
47 81 



7.6 3 
65 5* 
57 4' 



8y ' 102 127 
76 4 87 4' 109 
6*0 9 76 5l 95, 6 



b Types Cutting oil compounds for various metals are given m table IH. 
In general ali^^le coolant is all that is required for roughing. Finishing require.^ 
• a cutting Oil with good lubricating properties to help produce a good nnisn on the 
B workpiece. Aluminum and cast iron are almost always machi;ied dry. 

c ApplicLtion. The cutting oil or coolant should be directed by means of 
a coolant'-drip can or pump. system to the point where the cutter cdntacts the '.ork- 
' piece." Regardless of method used, the cutting oil should be allowed ^o iloW^ freely 
over the workpiece and cutter. ' ' 



TABLE m. CUTTING OILS FOR MILLING OPERATIONS. 



Cuumg fljtd 



Rou|hlnc 



Aluminum 

Brtss, composition 

Brwa, yellow 
Bronze, phosjphor 
mAngftnecse. 

Cast iron (hard) 
Cast iron ^soft ftnd 

m<diurr>). 
.\foncl metal 

Steel, hiird 



KtccI, loft 



^ fory' . ^ 
t Dry; toda water mix- ; 
! ture. ■ j 
i Dry; soda v4ter mixture-! 

and^ Soluble cutting oil , 

■ ! 'I 

Dry, soda w^tcr mix^urcij 
Hry. 



I 



Dr>;. soluble cutting oiL 

.Soluble cutting oil; tmnu , 
I fral fatty blend cuttmg I 

i * ^ 1 

.Sohiblc cfitljiig ojit ! 



Dry. 

Dry, urpentine 
Dry. 

Sulfurized faity niineri 
cutt>ni$ oil, pure lar^i 
cuttii.g oil. 

Dry; turpentmc 

Dry. 

Mineral fattv blend cut 

tinar otl 
.>ulfuri2td fatty mineral 

cutting «Jl • pure {ard 
. cutting oil 

Mineral fatly blend cut 
tini( Oil. 
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18. PLAIN' MILLING- 

General . Plain milling, also called surface milling and slab milling, 
is the milling of flat surfaces with the milling cutter axis parallel to the surface 
being milled. Generally, plain milling is accomplished with the workpiece surface 
mounted parallel to the surface of ti>e milling machine table and the milling cutter 
mounted on a sta^idard milling machine arbor. The arbor is well supported in a 
horizontal plane between the milling rhachine spindle knd one or more arbor 
supports. 

, b. Operation . A typical setup for plain milling is illustrated in figure 21. 
'T^ote^at the milling cutter is positioned on the arbor with sleeves so that it is as 
close as practical to the milling machine spindle while maiataining sufficient 
clear^in'ce between the vise and the milling machine column. This practice reduces 
torque in the arbor aad permits more rigid support for the cutter. 




^ Figure 21. Plain milling operation. 

19. ANGUI-AR MILLING. 

a. General ., Angular "milling, or angle milling, is the milling of flat 
surface's which are neither parallel nor perpendicular to the axis of the milling 
cutter. A single-angle milling cutter (fig \Z) is used for this operation. The 
milling of dovetail^ is a typical example of angular, milling. 

b. Operation. When* jmilling dovetails , ^he usual angle of the cutter is 
45°, 50°, 55 , or 60 based on common dovetail designs. When cutting dovetails 

in the milling machine, the workpiece may be held in the vise^ clamped to the table, 
or clamped to an angle plate. Figure 22 shows the workp^ieceyiriounted to a lathe 
face plate for angular milling with the milling and grinding lathe attachment. The 
tongu^ or groove is first roughed-oUt using a side milling cutter, after which the 
arfguiSr sides arid base axe finished with an angle milling cutter. ^ ^ 
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Figure 22. Angular milling of dovetail using the milling and grinding lathe 
• attacjiment. 

20. ' STRADDLE MILLING, ' , ' 

\ a. General. When two or more parallel vertical surfaces are machined 
at a Lngle cut the operation is called straddle milling. Straddle* milling is 
accomplished by mounting two side milling cutters on the same arbor, set apart 
so theyi straddle the workplace. 

b. '^ Operation. Figure 23 illustrates a typical example of straddle milling. 
In this ca'se, a spline. is being cut but the same Operation may be applied to the 

cutting of squares or hexagons on the en^ of a cylindrical workpiece. The workpiec^ 
is usually mounted ^tween centers in the^indexing fixture or mounted vertically m . 
a swivel vise. The two side milling cutters are separated by ^spacers, washers. ^ 
and shims so that the distance between the cutting teeth^of each cutter is exactly 
equal to the width of the workpiece area required. When cutting a square by.this^ 
method, two opposite sides of the square are cut, and then the spindle of the 
indexing fixture or the swivel vise is rotated 90°, and the other two sides of the 
workpiece are straddle milled. ^ ' . ^ 

21. FACE MILLING. ' ^ . 

-5" ar. General. Face milling, als.o called end milling and Side milling, i$ 
the machining of surfaces perpendicular to the axis cf the milling cutter. 

* b. Purpose . Face milling critters, end milling cutters {fig 24), and side 
milling cutters are used tor face miliing operations, the size aad nature of the ^ 
workpiece determining the type arid size of cut'ter required. 

c. Vertical operation . Figure 24 illustrates face milling performed with ^ 
^ swivel 7utter head milling machine with ics spindleSn a vertical position. .The 
workpiece is supported parallel to the raoio in swivel vise. 
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16.SPLIHE 




STRADDLE MtLLING 
SPLINES 

NOTES 

O ■= MAJOR DIAMETER 
d = MINOR DIAMETER 
w - WIDTH OF SPLINE 




FINISHING TO 
MINOR DIAMETER 



RA PD 256561 A* 



Figure 23r Milling spline .shafts, 
. . * ♦ ar ^ * 

* • ' Horizontal operation . Angula^ surfaced 'can. a^so be face milled oh a 

i^ivel cutter head milling machinfe (fig 25). 'Ip this case, the workpijece is mounted, 
pafrailel to the tabl^ and the cutter head is swxveled to bring the end milling cutter 
perpendicular to-the,^urf^ce to'be produced., " ' . 

' ■ - ^ \ ' " ^ 

- 22. GANG MILLING, When two or more parallel horizontal surfaces are ^ 
ry:*lled at on"^ cut, the operation is known as gang milling. The usual method is to 
; mount two or moter.pl^fn milling cutters of different diameters and widths on an 
arfjor^as shown in /igure 26.^ The cutters so mounted are called a gang. The * • 
possible cutter combir^tions are unlimited .and are determined in each case by the 
nature of ^he job. ^ - ' 
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Figure 24, Face milling, with vertical milling machine spindle. 



END MIUtNG 

cunen 




Figure-25, Pwngulan: face milling. 



ti, FORM MILLING. 



a. 



c. ^ General . Form milling is the process of machining special contours, 
composed of curves and straight lines, ox entirely of .curv.es, at a single cut. This 
'is done.with formed milling cu^tterS, shaped to the contour to be cut. 

h. Operation . The more common form milling operations inyolyS/tM - 
"milling ofhalf -round recesses and beads and quarter -round r^dii on workp*eces 
(fig 27). Thii operation IS accomplished by using convex, concave,, and corner 
f.dii^'Sing milling cutters ground to the desired circle diameter. 

\ ' ^ \ ^ - . ' , OS 424, 7-P30 
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Figure 26, Gang milling operation. 




CORNER ROUNOING 
MILLING CUTTER 



T 

WORKPfeCE 




WORKP»eC£ 



i * 



woRxpfece 

-«V ft> 256552 



Figure 27, Form milling operation,^. 



£• Special us.es . Other jobs for formed milling cutters include the miiiing - 
of intricate patterns on workpi-eces and tKe milling of sevefe'al complex surfaces m.a 
single cut such as are produced by gang millinig, " - , 

24/ MJ1.UNG 'woodruff KEYWAYS. The woodruff keyslot milling cutter 
(fig 28) is mountedjn a spring, collet or a4apter .which has been inserted in the 
spindle ijf J}?e miiiing machine. With the njilling cutter lo<:ated over the position in 
which the jieyway is to be cut, the'^vorkpiece should be raised ^r the cutter lowered 
until the cutter tears a piece of thin 'paper held betweer/the peripheral teeth of the 
cutter and the workpiece. At this poir>t the graduated dial on <be vertical feed 
- adjustment shourld'be locked and the clamp on the table set. Using vertical feed/ with 
the graduated dial as a guide, the workpiece is raised or the cutter lowered until 
the full depth of "the keyslot is cut/^complet^ing'the operation (fig 28), 
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Figure 28. Woodruff keyway milling using the milling and grinding lathe 
attachment. 



Z§. DRILLING. . 
a. General. 



The milling machine may be used effectively for drilling, 



since accurate location ^f the hole may be secured by means of the feed screw 
graduations. The spacingsjof holes in a circular path, such as the holes in an index 
plate, may be accomplished by indexing with the index head positioned vertically. 

b. Operation. Twist drills may be supported in drill chucks fastened in 
the milling machine spindle or mounted directly in milling, machine collets or 
adapters. The workpiece to be drilled is fastened to the milling machine table by 
means of clamps, vises, or angle plates. 

Z6. BORING. Various types of boring toolholders may be used for boring on 
the milling machine, the boring tools being provided with either straight shanks 
to be held in chucks and holders, or taper shanks to fit collets, and adapters. The 
two attachments mast commonly used for boring are the fly^ cutter arbor and the 
offset boring head. i 

\ ' ' ' ' 

27. SUMMARY. The history, developments, and improvements of the milling 
machine were discussed in the above paragraphs. As you learned, the milling 
machine is^very versatile^ It can be. used for many operatioiis and has a v/.ide 
variety of cap^bilitiee-^ The milling machine is excellent for iofming flat surfaces, 
cutting dovetails and keyways, forming and fluting milling cutters ,aHid reamers, 
cutting gears, et£;_ Many spedial opersttipns can be performed with the attachments 
available foa?^i^ng machine XT^^ Yoy^hould.be able to make more effxcient use' 
of this machine after haying itudie^'tKis lesson. 
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EXERCISE ' , • 

101. 'What process is identicai in method to milling? 

a. Straight arbor turning 

b. Circular sawing 
IE c. Surface grinding 

102. What is the purpose of the ram' on certain types of milling machines? 

. a. Eliminates the dovetail between the knee and the table 

b. Provides additional rigidity to the column 

c. Provides a crossfeed for milling operations 

103. The pitch of a milling cutter is determined by the 

a. types of teeth. 

b. number of teeth. 

c. primary clearance angle. 

104. Which angle is necessary to prevent the teeth of the cutter from rubbing against the 
workpicce after it makes its cut? 

ral or helix deflection 
condary clearance 
c. Primary clearance 

On a plain milling cutter, what is an advantage of helical teeth over straight teeth? 

a. Allows faster cutting action 

b. Produces a smoother cut 

c. Does not require large lands 

I0f>. Which type milling cutter is ground slightly thinner toward the center to allow for side 
clearance? ^ ' 




107. What is the MOST efficient milling cutter when the depth of the slot exceeds the width? 

a. Staggered tooth 

b. Concave , > • • ^ ' . ' 
• . c. .Conve:^ " ' - 

108, Which action will eliminate side thi-ust oa the arbor? . * .> " 

a. Using a cutter with-altern^e helical-teeth " ~ ' - 

.Installing* a spring. loaded thrust washer • ' 

.c. -Se^tting the ram in the correct positio'n ' - . * 



1. 



OS .424,. 7.P33 

f 



109. What type arbor is used in a ge^r cutting operation on a milling rrachine? 

a. End 

b. . Fly 

c. Slitting • ^ . ' 

110. What component would be used for MOST drilling operations and some cutting opera- 
tions?. 

"a. High speed milling attachment 

b. Quick-change coller attachment 

c. Quick-change ch^ck 

111. Which attachment or fixture can be swivoled to any angle or plane for millinj? operations 

a. Universal milling 
• b. Vertical spindle 

c. Offset boring head • 

ri2. How many turns of the indexing crank would be required to cut 12 equally spaced teeth 
in a gear'' 

a/ 6-1/3 

b. 6-1/4 

c. 3-1/3 • ' . * " 

113. How. many degrees will the index head move in^O complete turns of the index crank? 

a. 90 . ■ . * ^ _ ^ , 

b. 66 . . . . ^' 

c. 40 ♦ ' . • 

114. How many revolutions per minute ^ust a 3-1/2-inch cutter tur a- if the cutting speedjs . 
120 surface feet per minute*^ ^ » 

a. 9U7 > 

c. 131 - • ' • r - ^ - • * 



115. Wh^t tool is BEST suited for boring? 

av Fly- cutter: • 
. ^'""-^Spe^^i reamer J ^ , 
c; "^End^ili ~ - - ' 
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LESSON ASSIGNMENT SHEET » 
Ordnance. S\>bcourse No 424 ^ . . . . ^ . . Machjne Shop Practice 

Les45on 8. . . . .* ^ . \ . '. Lathe* ^ • s 

Credit Hours \. . Three v ' 

Lesson Objective^ After studying this lesson you will be able to: 

* • 1. Discuss origin, history, purpose, types, 

• , , * " use, nomenclature, and operation of the 

♦ • - lathe. 

*H ' • " 

.Z. Discuss as to types, use, mounting, and 
car^ of lathe accessory attachments to • 
' • . ^ . include cutting tools, cutting tool holders, 

4 ' N chucks, faceplates, centers, dogs, 

mandr^s, rests, toolpost grinding 
> machine, and milling and grinding lathe 

^ attachments. 

3. List, name, a*nd explain the various 
' functions (operations) that can be per - 
„ • * \ . ' formed on the lathe. / 

/■ . >• 

Tejct ^ Attached Memorandum ^ 

^ V ' • . ' 

Maferials Required . . None, ^ • - ' 'j 

« 

, Suggestions < If possible, visit a machine shop and observe 

^ the, methods used in lathe operations. 

STUDY GUIDE AND ATTACHED MEMORANDUM 

• ^ : ^ \ I • 

INTRODUCTION. . ^ * ' ^ \ 

a. Origin of the loathe. Perhaps the eai:liest of all machine tools, the lathe,' was 
known to Leonardo da Vinci ^*ho drew several sketches of lathes in his notebook at the end* 
of the 15th century. The earliest type of lathe, the bow* lathe, was operated by a cord held 
taut by a piece of bowed wood and given a couple of turns around the workpiece. Th^ oper- 
ator rotated the workpiece by drawing th'e bow back an^ forth. The bow lathe evolved into 
the pole lathe in which the 'bow was replaced by a tree branch or wooden strip above the 
machine and a foot lever ben«2rth'the m€w:hine. With this arrangement, the operator 
treaded on»the foot lever to pull the cord downward and rotate the workpiece. The tr«e 
branch or wooden -strip would spring downward, being connected to the other end of the cord, 
and ^hen the foot^lcTver was released, the branch oV strip would returnnhe cord and foot 
lever to tjieir original positions. Thfi woodep/stni^ or "lathe" used to spring the cord on 
these ^arly p*ole lathes probably acc<:>viijW-fcfr the name "lathe" being applied to the turning 
niachiJ^e. 
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b. Besson s lathe . A screw cutting lathe was made by Jacques 3es son 'before " 
1568 although it appears that this innovation exerted little influence on later lathe design. 
'Bejsson's lathe {iiz I) was driven by a cord passing Ov'e^ a pulley aoove the machine which, 
in turn, drove twc '^ther p\i)leys on the same shaft which rotated the wor^piecs and a crude, 
^wooden lead screw.' The other end of the cord supported a weignt which reolaced tne conven 
tional spring return olthe overhead tree branch or wood strip. A slide rest was incorporated 
on this machine, oerhaps the esirliest aoplication of a slide rest/ 

f 






^ Figure I. Besson's screw cutting, lathe — 1 568. 

c. Origin of screw cutting lathes. During the 17th and iSth centuries, lathes 
were used to advantage by clockmakers. The h^avy-duty lathe was not yet practical and 
only light -work could be performed. Screw ^^ting lathes fitted with* slide rests Jbr sup- 
potting tools were again developed in the first half of the l^Sth century, but these machines 
presented many diffic-^lties in operation, and precision was unobtainable. 

d. Development of sprew cutting lathes. The first practical screw cutting lathe 
with "a sl^de rest was^ develooed by Henry Maudsli^ in England in 1797. This lathe incor- 
porated a satisfactory lead screw v^ich took Ma^adslay many years of experimentation to' 
develop. The lathe was turned by a cord hroxn a large wheel which was operated by a hand- 
crank'. A later development of Maudslay's in 1800 introduced change gears whereby 
different pitches of screws could be cut from'the same lead screw. Later Maudslay, while 
continuing his work on the screw, developed jftill better lead screws and placed metalwork- 
ing on a solid foundation. In 1830, he built a giant lathe with a 9-foot faceplate ca^iilc--oi 
turning flywheels ^0 fg^et in diameter and boring steam cylinders feet in diameter for 
e&rly steam engines. ' . • • ' 
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e. Advancements * Lathe developments since ehe middle of the 19th 
century have not radically changed the Maudslay concept of the lathe. The major 
advances have been the\^mproving-of accuracy obtainable in workmanship, the 
designing of sturdier lathes, the increasing of the work speed, and the gradual con- 

^ version of manual operations to semiautomatic and automatic ones. The early cord 

drives' were replaced by belt drives and eventuailly by electri^ motors. Lathes, con- 
structed before 1850 generally had wood beds upon which iron ways ^vere mounted. 
The adaptation of the iron bed afte:f 1850, majde accurate turning of large workpiec^s 

** practical. In 1853, an American named Freeland built a lathe having a back-geared 

head, a mechanism which with the lead' screw, change gears, and slide rest constitutes 
the basac requirements of a modern engine lathe. The turret lathe was developed ^n 
America in 1890 and opened th^ way for the automatic lathes and automatic screw 
machin'es of today. The process was a gradual bne, first making one motion and 
then another self-acting. The development of high-speed tool steel in 1898 and, Ute;:, 
carbide -tippfed cutting tools in^about 1925 permitted speed increases for the lathe and 
made semiautomatic and automatic lathes more desirable for production work. 

2. PJJRPOS^ . The lathe is a machine tool used principally for shaping articles 
of.metal, wood, or other material by causing the workpiece to revolve while the 
cutter bit, held either by hand or by a mechanical holder, is applied to the workpiece. 
Principal capabilities of tlie lathe are the shaping of straight, tapered,, or irregularly 
outlined cylinders, the facing or radial turning , of , cylindrical sections, the cutting of 

i screw'threads , and boring or fehlarging internal diameters^ The typical lathe pro* 
^vides a var'iety of rotating speeds and suitable manual and automatic controls for 
moving the cutting tool. In .the hands of a^ competent operator, a lathe is the mo^t 
versatile of all machine tools • 

' ' / 

3. TYPES OF LATHES. Lathes can be conveniently clas^sifled as engine lathes, 
turret lather, and special purpose lathes. All engine lathes Viave horizontal spmdLos 
and for that reason are sometimes referred to as horizontal lathes. The smaller 
lathes in all classes may be^furtjier classified as bench lathes or floor or pedestal 
lathes, the reference in this case being the means of support. 

4. ENGINE^ LATHES. ' , 

a. G^nexaU The engine lathe is intended for general purpose lathe work 
and IS the usual lathe found in the machine shop. The engine lathe may be bench type 
or floor riiouAtSd. The engine lathe consists mainly of a headstock, a tailstock, a 
carriage, and a bed upon which the tailstock and carriage move. Most engine lathes 
are back-geared to provide exceptionally slow spindle speeds and high torque which 
are required for the machining of large diameter \vofkpieces and the taking 6f^heavy 
cuts. The usual engine lathe has power longi*tudinal and crossfeeds for moving the 
carriage, and has a lead screw with gears to prpvide various controlled feeds for 
* cutting threads. Lathes are made in various sizes, the size being determined by the 
diameter of the workpiece that can be swung in it and by the overall length of the bed. 
The swing is measured in inches and the bed is measured in feet. A* third dimension 
IS sometimes given: the distance between tenters. This dimension, measdred in 
inches, indicates the longest length of material that can be placed in the lathe. 
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' Bench-type engine lathe (fig 2) > / # 

(1) The bench-type engine lathe is the most c'bifn men. general purpose 
screw cutting lathe in the small shog. It commonly has an 8- to 
12-inch swing and a 3- to 5-foot bed length, the size being limited 
by the practicality of bench mounting. The bench upon whi<fh the 
lathe is mounted may be a standard wood -topped shop bench, or a 
special metal lathe bench with drawers for storing the lathe \ 
ac^ssories. 




Figure 2, ^ench-type engine lathe, 

(2) The bench-type engine lathe is generally powered by an electric 
motor, mounted to the bench behind the lathe headstock> and driven 
by means of a flat leather belt. Some bench lathes use/an under- 
neath motor drive where. the drive belt passes through' a hole in the 
bench, 'This arrangement is convenient where space in the shpp is 
limited. The bench-type engine lathe is generally equipped with the 
necessary tools, chucks, loathe do^, and centers fo)r normal opera- 
tion. The lathe may have a quick-change gear box for rapid change 
of threading feeds, or may be supplied with loose gears which have 
to be installed singly or in combination to achieve the propel* 

^^hreading feeds. The bench lathe^ay or may not have a power- 
, operated crossfeed drive. 

(3) Lathe, Engine, Bench Mounted, solid Bed Type, 10 inch Swing, 
Series 2,(\00 Model 11 inch. Standard Modern Tool. This lathe 

(fig 3) is the newest type: lathe added to the family of Army machinist 
toolet Figtires 4 and 5 illustrate the various components of the lathe. 
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Figure 5. 
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£• Floor-mounted engine lathe (fit/ 6) . The floor -mounted engine lathe, oj^*& 
pedestal -type engine lathe, is inherently niore rigid than the b^nch-type lathe and may 
'have a swing as great as 16 or 20 inches and a bed length as/great as 12 feet in length 
with 105 inches between centers. The drive motor is located in the pedestal beneath the 
rlathe headstock. A tension releasfe mechanism for Loosening the drive bplt is lisually 
provideid so that the drive belt may be quickly changed to different pulley combinations 
for speed changes. The headstock spindle is back-beared to provide slow spindle speeds, 
and a quick-change gear box for controlling the le»ad screw is present on allvcj^yrently 
manufactured floor-mounted lathes. The floor -^mounted engine lathe usually has a.power- 
operatcd crossfeed mechanism. ' 
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Figure 6. Floor-mounted engine lathe. 
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5. LATHE CUTTING TOOLS. 



a. General s ' Lagjie^utter bits may be considered as wedges which are 
forced into the'material to cau^e compression with a resulting rupture or plastic flow 
of the materials This rupture or plastic flow is called cutting. To machine metal 
efficiently ^nd accurately, it is necessary that the cutter bits have keen, well-sup-* 
ported cutting edges, and that they be ground %r the particular metal being machined 
and the type of cut desired/ Cutter bits are rriad^ from* jeveral types of steel, the' 
most comnjon of which are described in (1) through (5) below. 

(1) Carbon steel . Carbon, steel, or tool sUel high in carbon content, 
hardens to a high degree when properly heated arid quenched. The 
carbon-steel tool will give good results as fong as cons£ant qare is 
taken to avoid overheating or "bluing, " since the steel will lose its 
temper on hardness at a relatively iow heat. For Low-speed turning, 
carbon sterel gives satisfactory reslilts and is^more economical than 
other materials. / 

, (2) High-sp eed st^l . High-speed steel is alloyed with tung^sten.s^d 
sometimes chrpmium, vanadium, or .molybdenum. Although not 
' ^ , hard as properly tempered carbon steel,' the majority oMathe 

- cutting tools are made of high-speed steel Jaecause, it retains its 

^ hardness at extremely high temperatures. Cutter bits made of this 

^ . material can be-Used without damage at spee^Ts and feeds which heat 

C the cutting edges to a dull red. * . ' 
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__t3LU- S.tellite . StelUte, composed of chromium, arvd sometimas tungsten,^ 
must be cast into form and cannot be f.orged as can carbon and 
high-s'peed steels. Stellite cutter bits under favorable conditions., 
will stand exceptionally fast speeds and heavy cuts.^ ^ 



b . \ T 

d deti: 



(4) T'ongsten carbide . Tungsten carbide is used to tip cutter bits when 
maximum speed an<i efficiency is required for materials which are 

'difficult to machine. Although expensiyeu tungsten carbide tipped 

• cutter bits are highly efficie,nt for machining cast iron, alloyed 
^ cast'ic^n, copper, brass, bronze, aluminum babbitt metal, and 

such abrasive nonmetaltic materials as fiber, hard rubber, and 
bakelite. Cutter bits of this type require very rigid supporl^^and 
^are usually he^d in operiside toolposts* They require special 

• grinding wHeels for sharpenmg since tungsten carbide is too hard 
to be redressed on ordinary grinding abra^sive wheels. 

'I 

(5) Tantalum carbide and titanium carbtde . Tantaluna carbicfe and 
titanium carbide are also used to tip cutter bits (S^g 9) for 
rrtachining steel. 



Terms apd definition^ applied to single-point cutter' bits (fig 7). The 
terms and dSVinitions described in (1) through (7) below are j)rovided to orient the 
reader with respect to the basic areas and surfaces of the cutter bit. 

• * ^ ■ ' , , ^ 

SIDE CUTTING 
"^OGE ANGCE 




n6sE 

TOP VIEW . 

r CUTTING EDGE 



END CLEARA>4CE ANGLE OF 
MOUNTED CUTTER BIT 




CUTTING TOOL 
HOLOER ANGLE 



SIDE RAKE 
ANGLE 



LIP ANGLE 



Eg 



8ACK RAKE 
ANGLE 

SHANK 



^ SIDE CLEARANCE 
ANGLE 

END VIEW 



y^HEEL • 

END CLEARANCE 
ANGLE 



BASE^ 



SIDE VIEW 



«A fO 236470 

Figure 7. Terms applied to single -point cutter bits. 

{^) Shank . The shank is the body of'the cutter bit on the end(s) of 

which the no8e(s) is formed or the tip is mounte4* Cn single-point 
cutter bits, the cutting edge is formed on one end of the shank. 

• ^ 
(2) Nose. The nose is the part of the Cutter bit which is shaped to 
> produce the cutting edges. I 
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^ (3) Face , The fac'e of the cutter bi( is the surface at the upp^r side of 
the cutting edge on whi,ch the cho^p strikes as it is separated from 
. the workpiece. . ' 

i ' ■ 

(4) Sid^ The side of the cutter bit is the near-vertic-al surface whiph, 
with the end of the bit/ forms the profile of the bit. The side* is the 
f leading surface of the cutter bit when cutting. 

^^se . The base is the bottom surface of tlTe shank of the cutter 
bit. * • * • ' ' 

(6) End . The end of the cutter bit is the near-vertical surface which, 
with the side' of the bit, forms the proftle of the bit. The e'nd is 
the trailing surface of the cutler bit when cutting. 

(7) Heel . The heel is the portion of the cutter bit base immediately 
below and supporting the face. 

* Angles of -^cutter bits (fijg 7). The successful operation of*the lathe and 
the quality of work t^at may be achieved depend largely on the angles that form the 
cutting edge of the cutter bit. The profiles of the^bit (e below) may be of any shape 
so long as the cutting edge is properly shaped. The five angles defined below are 
used to-define the cutting edge, to prevent suj^orting surfaces of the hit from rubbing 
against the workpiece, a^d to establish a path ^pr the chips being removed.' Im- 
properly ground angles will result in weakening and breaking of the cutting edge and 
overheating of the bit. Hefer to d below for recommended angles for machining 
specific materials. 

(1) Lrip angle . The lip angle is the angle of keenness of the cutting - * 
• . e^ige. It is the ai^gle included by the side and face bf the cutter 

vbit, measured at the cutting edge. The angle may, be more acut,e 
for cutting soft, easily machined materials than for h^d or tough \ 
materials since hard materials require more support for the 
cutting edge than do soft materials. If the lip angle is tod acute 
to provide proper support for the cutting edge,, the edge will break. 
If the lip angle is less acute or greater than reqjiiired' for sjupport, 
the bit will^cut UnnecessS-rily slow. It has been* found that a lip 
angle of 61 is mo'st efficient for the machining of soft steel, 
'Common cast iron requires a lip angle of 71 while very hard 
grades ^f cast iron, chilled iron, hard ^teel, bronze, etc, may 
require lip angles as great as 85 , If free cutting Bessemer, screw 
^ stock is to be machined, the angle may be slightly less than 61^, 

Clearance (relief) Angles . Only the cutting edge of the cutter bit 
must touch the workpiece, and therefore the end and side surfaces 
of the bit which form the profile of the cutting edge must be cut back 
or relieved on the underside to prevent their r.ubbing against the 
workpiece. \ 

^nd clejfir ance (relief) angle. The end clearance angle is the 
angle formed by the end of the cutter bit and a line perpendicuUr 
to the diameter of the workpiece at the point of tool contact, U 
the bit is centered on the worlcpiece, the angle may be mea8ur#d 
^ from the vertical. 
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(b) Side clearance (relief) angle . The side clearance angle is the 
/ angle rr^e'^sured between the side of the cutter bit ^t. the cutting 
ed^:e and the vertical. 



(3)^ Rake angles * The angle which the face of the cutter bit nnakes w!t^ 
the horizontal is called the rake angle. Rake adds to the keenness 
of the tool and facilitates the removal of chips. If the slartt of the 
rake is away from the workpiece,it is known as a back rake angle 
(fig 7); if the slant 13 in the direction of the workpiece axis, it^is 
known as a sid^ rake angle (fig' 7). When a back rake angle slopes 
toward the shank of the bit, the' bit i-s said to have a positive rake, 
and conversely, when the back rake an-gle slopes away from the 
shank, it is. said to have a negative rake. Cutter bits may be ground 
with either a back- rake or a side rake or a combination of both. 

Cutting toolholder angle . When determining the end clear^ance 
angle ((2)(a) above) and the back rike angle ((3) above), the cutting 
toolholder angle (fig 7) must be takefn into consideration because 
any slant of the cutter bit shank will change these angles. When 
checking angles of the unmounted cutter bit, add the cutting tool- 
holder angle to the end clearance angle and subtract the cutting 
toolholder angle from the back rake angle, 

d. Recommended clearance and rake angles . Table I lists clearance ^ 
angles and rake angles for various materials to be machine'dt V/hen s^in^ijing cutter 
bits', the lip angle (c(l) above) should also be considered in selecting TO5 proper 
angles from the table, » 

TABJLE L CLEARANCE AND SAKE ANGLES FOR LAfHE CUTTER BITS , 



(4) 



0 / 



Material 


Side clearance 
angle (deg. ) 


End clearance 
angle (deg, )^ 


Back rake 
angle (deg. ) 


Side rake 
angle (deg. ) 


Aluminum 


5-10 


5-9 


10-30 


16-20 


Brass 


5rlO 


*5-8 


0-8 


' 0-8 ' 


Bronze,' free tutting 


5-10 


5.9 


0-8 


2-8 


Bronze', tough 


10-15 


8-12 * 


6-15 


7-25 


Cast iron 


' 5-10 


5-9 


5-8 


12-14 


Copper 


7-14 


7-12 


8-16 


15-25 


Magnesium alloy 


6-10 


6-10 


5-9 


3.5 


Monel 


6-15 


6-13 


4-10 


lO-M 


Plastic, cast 


12 


10 


3(1 


25 / 


Plastic, cold molded 


10 " 


10 


0 


0 


Plastic, hot molded 


6 


6 


. 10 


' 20 


Plastic, laminated 


8 


8 


30 


50 


Steel, hard 


5-10 


5-9 


6-14 


10-14 


Steel, s^ft ^ 


5-12 


5-9 . 


3-17 


14-20 


Steel, stainless 


5-12 


^ 5-10 


8-17 


0-10 


Steel, very hard 


5-10 


i-9 


4-10 


6-12 


Wood 


20 


20 • 


30 


^ 30 


f ' . 
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e. Common types of cutter bits (fig 8). Cutter bits are ma4e from 
standard sizes of* bar stock td fit^ into cutting toolholdors wl?ich, in turn, are fastened 
to the toolpost'of the lathe. The following cutter bits are identified by their function 
If-the cutter bit is to be used for heavy roughing where a finished surface is not ex^ 
pected, the nose should be ground with a very small radius (aprx. 1/64 in. ). If the 
cutter bit is^ be us'eci for general shaping and firxishing, the nose should be more 
rounded (aprx. 1/32- to 1/16-in. r^^dius), 

(1) Right-hand turning cutter bit . The right-hand turning cutter bit is 
shaped to be fed from right to left, The cutting edge is on the left 
side of the bit and the face slopes down ^way from the cutting edge, 
the left side and end of the tool are ground with sufficient clearance 
* to permit the cutting edge to bear upon the workpiece without the 

heel of the bit rubbing against the workpiece. The fight -hand 
(fuming cutter bit is ideal for taking light roughing cuts as well as 
general all-round* machine work. 

1 . 

• 4 {2) Left-hand turning cutter bit. The left-hand cutter bit is j^st the 

opposite of the right-hand turning cutter bit, being Resigned to cut 
when fed from left to right. It is used for all-round machine work 
when right-to-left turning is impractical. 

(3) Roundnose turning cutter bit (fig 8). The roundnose turning cutter 
" bit is used for all-round machine work and may tre used for taking. 

y light roughing or finishing cuts. Usually the face is ground' with a 

• right sloping side rake so that the bit may be fed from right to left, 
although it is pft6n ground without any side rake so that the feed" 
may be in either direction. 

1- 

(4) Right-hand facing cutter bit > The right-hand facing Cutter .bit* is 
intended for fac;ng on right-hand side' shoulders and the right end 
of the workpiece. The cutting edge is on the left-hand side of the 
bit, and the nose is sharp to permit machining a square corner. 
The direction of feed for t}ie facing bit should be away from the 

- axis of the workpiece. 

(5) Left-hand facing cutter bit. The left-hand facing cutter bit is juat 
the opposite *of the right-hand facing cutter bit; it is intended for 
facing the left sides o^ shoulders. . 

(^) Parting cutter bit . The parting cutter bit has its principal cutting 
edge at the end. Both sides must have sufficient clearance to pre- 
vent binding and should be ground slightly narrower at the back than 
.at the cutting Qdge. The bit is convenient for machining necks and 
grooves, 'square corners, etc., as well as for cutting off operations 

(7) Thread cutter bit . The thread cutter bit has its' cutting edge ground 
to a symmetrical 60 angle and in this form will cut sharp V-th^eads 
Usually the face of this bit is ground flat and has clearances ground 
on both sides so that it will cut cfti both sides. For American 
(National) Standard screw "threads, the bit is further ground with a 
^ flat at the nose to cut the flat root of the thread. The width of the 
flat at the nose is determined by the pitch of the screw to be cut. 
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Figure 8. Common types of cutter bits and thei/ application. 
I 
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f^. Special types ot\ Uthe cuttijng tQolS t Resides the co'mmo^i cutter bits 
% (e above), s<Mcial lathe operitions and ^leav^ production* work ^quire speciaf types 

on of thesex^tools areidescribad in (1) 



of cutting tdbls^ Some 6f the irnore comi 
through (5) tfelow. 



A 



J 



where exceptionally hard 
Tl)e tipped outter bit gene 



Tipped cutter\bits (fig 9^ ^Tungsten carbide, tantalum carbide, 
pr*titanium caVbide-tippdii cutt^j-btts are commonly used in prio- 
duction work'where high Speeds and heavy cuts are necessary,^ and * 

d tough materials are encoiihte'red. 
lly has a shank size^ larger than the 
comm'on cCxtter bit and is rirouQted ii) an open side, cutting toolholder, 
a turret tool block, or directly in the toolpost of the ^athe. Tippexi 
cutter bits come in sfeapes lor use in left-hand and right-hand - 
turning, general purpose wdrk, and <;Utting thre^ids. 
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Figure 9. Tipped tTutter bits. 

(2) Thread cutting tooUfolder v»ith cutter (fig 10) . ' The thread' cutting 
toolholder with cutter is used where considerable thread cutting , 
is to be done. T-be cutter ii formed with the correct thread contour 
and n6eds only grinding on th.e face to sharpen. The cutter is used 
in a specially designed toolholder which in turn mounts to the lathe 
toolpost, 

(3) Spring thread cutting too.lholder with cutter bit (fig 10) w The spring 
thread cutting tocflholder wirth cutter bit consists of a specially de- 
signed cutting toolholder that mounts a thread cutter bit (ej?) above). 

» r'The mounted cutter bit can be rotated to p9sitions 30° either side 
of center to provide clearance for the holder when cutting threads 
close to either end of the'workpiece. A spring device in the holder 
permits the cutter bit to spring downward under excess pressure, 
thereby preventing breakage of the cutter bit. 

(4) Knurling tool (fig 10 ).| The knur]jiJ«4too I: consists of two cyUndrical 
cutters called knurls which rotate in a specially designed toplholder. 

' The knurls contain teeth which are rolled against the surface of the 
workpiece to form' depressed patterns on the workpiecfe. The 
knurling tool accepts different pairs of knurfs, each pair having a 



OS 424, 3 -PI a 



ERIC 



301 



diffe-rent pattern or a Afferent piich. The dlairond pattern is most 
widely used", and is generally supplied in three pitches: 14-pitch, 
21 -pitch, and 33-pitch to produce coarse, mediuni, and fine diamond, 
patterns (fig 11 J. 
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KNUtUNG TOOL 



Figure* 10, Special types of lathe cutting tools. 
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{Sy Boring too^s * Boring toolj are ground similar to left-hand turning 
cutter bit3 (e(2) above) and thread cutter bits (et?) above) but with 
morfe attention given to the end clearance angle to prevent the heel 
of the bit trom rubbing against the surface of the bore. The borifag 
cutter bit (fig 8) is clamped to a boring tool bar which, in turn, is 

\y supported in a boring toolholder which mounts to the -lathe toolpost, 

^ Grindir^ of lathe cutter bits . 

(_ 

(1) General, The most satisfactory^equipment for grinding cutter bits 
is the utility grinding machine with two 7-inch vitrified grinding ' 
abx^^sive wheels, 36 grain for rough grinding and 60 grain for fine 
grinding. The wheel should be run at a surface spqed of about* 
5, 000 feet per minute and should have close fitting guards and tool 



rests. 



(2) Carbon-steel cutter bits . Carbon-steel cutter bits can be 

distinguished from high-speed steel cutter bits by taking a trial ^ ^ 
cut on the grinding abrasive wheel. If the bit is' made of carbon 
steel, the sparks produced will be light orange colored; if the bit 
is made of high-speed s^eel, the^sparks produced will be dark red, 
When g-^inding carbon-steel bits, a small container of water should 
be available for quenching the bit.. A wet wh^el or a water -drip / 
grindstone may also be used for grinding bits made of carbon steel. 
In either case, water cooling is ncressary to prevent the bit from 
losing its hardness by overheStfng. *■ 

High-speed steel cutter^its . The high-speed steel cutter bit is 
identified by the iied sparks given off when placed against the 
grinding abrasive ^heel. *High-speed steel cutter bits must be ' 
ground on a dry wheel; when hot they must never be dipped into 
^ ^a.ter or the bit wilUcrack and the cutting edge crumble, 

(4) Carbide -tipped cutter bits. Cx^ter bits tipped with tungsten carbide 
tantalum carbide, and titanium carbide cannot be ground with 
standard grinding abrasive wheels but must be ground using a 
special grinding wheel such as one that is diamond impregnated. 
Because the carbide is extremely bri'ttle, it must be handled with ' 
extreme care. The cutting edge must always be well supported ' 

, and the amount of grinding should be restricted to minor redressing 
of the cutting edge. 

(5) Procedure. Figure 12. shows the steps involved 'in grinding a round- 
nose turning cutter bit to beefed from right to left for general 
turning operations. Other bits are ground in a similar manner, 

^Kemove the bit from the cutting toolholder before grinding to pre- 
ventft^maging the cutting toolholder. 

(a) Grind the left side of the bit, holding it against the grinding 
abrasive Whe'el at the correct angle to form the side clearance 
(step I. fig 12)./ Us-e the coarse wheel to remove most of the 
metal and finish on the fine 'vheel. 
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(b) Grind the right sixie of the bit (step 2, fig 12). Dj 
any more metal than is necessary from this si 
no clearance and the more metal left on th^ oi 
heat-dissipation qualities, of tl^ bit. ^ 
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Figure 12. Grinding a roundnose turning cutter bit, 

(c^) Grind the radius or rounding on the nose of the bit by holding it 
against the wheel and turning it from side to side (step 3, fig 12). 
The radius should be approximately 1/32 to 3/64 inch. 

(d) Grind the end clearance by holdmg the bit against the side of 
the wheel at the correct angle i(step 4, fig 12). 

(e) Grind the face of the bit (step 5, fig 12), holding it at the 
correct angle to obtain the necessary back rake ard side rake. 

(f^) After bits have been ground on a grinding abrasive wheel, they 
will produce better quality work and have longer life if the 
cutting edges are honed with an oilstone. 
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* 6. CUTTING TOOLHOLDERS, 

a. General. Common cutter bits are generally made from standard sizes 
of bar stock to fit into a forged cutting toolholder which, in turn^ is fastened to the « 
toolpost of the lathe. Special tobls such as the knurling tool and the thread cytting 
toolholder with cutter are furnished with their own special forged toolholders auid 
therefore may be fastened directly to the toolpost of the lathe. Carbide -tipped cutter 
bits are generally unsuitable for mounting in forged toolholders and are fastened 
^directly to the lathe toolpost (fig 13) or moiinted in an open side toolpost to provide 
rigid support for Ihe bit. 

b. Straight-shank cuttinj^ toolholder (fig 14)> ^ Tl?e straight-shank cutting 
toolholder may be used to support roundnose turning cutter bits, right-hand and 
left-hand turning cutter bits, and thread cutter bits. The holder is made of forged 
steel and contains a hai-dened steel setscrew for locking the cutter bit in place. 

♦ 

c. Right- and left-hand cutting toolholdel* (fig 14). The right- and left- 
hand offfset cutting toolholders are designed to support right-hand ^d left-hand facing 
cutter bits which require that the bit be supported at an angle to the workpiece axis. 
The holder has a setscrfw for locking the cutter bit in placs'e. 

d^. Straight parting cutting toolholder (fig 14). The straight parting 
cutting toolholder is a forged steelholder shaped to hold f A. thin sectioned parting 
tools^which are used to separate pieces on the lathe. ^ 



e^» Right- and left-hand- offset parting emitting toolholder C^ig 14), The 
right- and left-hand offset parting cutting toolholders are similar to the straight 
^parting cutting toolholder but are designed to hold the parting cutter bit at an angle 
to the horder shahk. The offset holder is generally used when the workpiece to be 
parted or the stationary parts of the lathe may interfere with the holder if the straight 
parting cuttiri^^olholder is used. In either case, the compound rest of the lathe 
must be adjusted so that the parting cutter bit enters the workpiece at right angles 
to the workpiece axis. 
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Figure 13. Carbide -tipped cutter bit mounted directly to tool post of lather 
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Figure 14. Types of cutting toolholders. 

i 

f^. Boring bar cutting toolholde'r (fig 13). The boring bar cutting toolholder 
for the^^^he-comes in several commejcial types, one of which is illustrated in figiare 
15. The boring bar cutting toolholder consists of three ^arts, the holder, the inter- 
changeable end cap, and the boring tool bar. The boring tool bar is a rod with one 
end thr*ead«d tc^ccept an end cap. Three end caps are supplied, each end cap slotted 
at different angles to accept a cutter bit.^ The standard aiigles are 30°, 45°, and 90*^. 
Plain boring tool bars without end caps are often made to accept cuttet bits at each _ 
end, one having a 90° slot, and the other end having a 45° slot. The holder is made ' 
of forged steel. It has a shank sinnilar to that of the other cutting toolholders. The 
holder is secured to the lathe toolpost by the lathe toolpost scVew. The boring tool 
bar is adjustable in the holder and can be^locked in any desired position. 
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7. CHUCKS. 

a. General . Workpieces are held to the headstock spindle of the lathe with 
chucks, .faceplates, or lathe centers. A lathe chuck is a deVice that ex6rts pressure 
on the workpiece to hold it secure to the headstock spindle or tailstock spindle. Conv^ 
monly used with the lathe are the independent chuck, the universal scroll chuck, the 
combination chuck, the drill chuck, the hollow headstock spindle chuck, the lathe tail- 
stock chuck, the collet chuck, and the step chuck. 

b. 4ndependent chuck (fig 1 6). 

(1). The independent chuck generally has four jaws which are adjusted 
individuklly on the chuck face by^means of adju3ting screws. The 
chuck fa<;e is scribed with concentric circles which are used Cor 
rough alinement of the jaws when chucking round workpieces. The 
-~- " '" , final adjustment is made lay turning the workpiece slowly and using 

, gages to determine i^s concentricity. The jaws are the readjusted 
as necessary to aline the. workpiece within very small tolerances. 
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Figure 15. Boring bar cutting toolholder with end caps and cutter bits. 
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Ij'igure 16. Independent chuck, universal scroll chuck, and drill 
chuck used with the lathe. 
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(2) The jaws of the independent chuck* may be used as illustrated in 
figure 16 or may; be reversed so that the steps face ;r. :he opposite 
direction; tftus workpieces can be gripped either t^xternally or ^ 
internally. The independent chuck can be used to hold square, 

^ round, octagonal, or irregularly shaped workpieces in either a * 

concentric or eccentric position due to the independent operation 
* , of each jaw. ^ ^ < * 

(3) / Because of its versatility and capacity for fine adjustment^ the 

independent chuck is commonly used for mounting workpieces 
which must be held with extreme accuracy. * * 

c.- Universal scroll chuck (fig 16). 

(1) ^, The universal scroll cltuck usually has three'jaws which move 

in unison as an adjusting pinion is rotated. The advantage of the 
universal scroll chuck is its ease of operation in centering work 
for concentric turning. This chuck is not as accurate as the in- 
dependent chuck, but when in good condition it will center work 
automatically within 0. 003 inch of complete accuracy. 

(2) The jaws are moved sim^ultaneous ly within the chuck by means 
of a scroll or spiral threaded plat6. The jaws are threaded to 
the scroll and move an equal distance inward or outward as the 
scroll is rotated by j:^eans of the adjusting pinijon. Since the 
jaws are individually aimed on the scroll, the jaw.s cannot be * 

^ reversed. H(3wever, the chuck is usually supplied with two sets 

of jaws which can be interchanged. 

• (3) The universal scroll chuck can be used to hold and automatically 
center round or hexagonal workpieces. Having only three jaws, 
the chuck cannot , be us^fclffectively to hold Square, octagonal, 
or i^-regular shapes, 

1; Combination^ chuck , A combmatiai^chuck combines the feature/s of the 
• independent chuck and the universal scroll chuck and can'have either three or four 

jaws? The jaws can be moved in unison on a scroll for automatic centering 
^ or can be moved individually if (iesired by separate adjusting screws. * 

e. Grill chuck (fig i6). The drill chuck is a small universal-type chuck 
which can be Jsed in either the headstock spindle or in the tai-lstock for folding ^ 
straight-shank drills, reamers, taps, or small diameter workpieces. The drill',chuck 
has three or four hardened steel jaws which are moved together or apart by adjusting 
a tapered sleeve within which they are contained. The drill chuck is capable of 
centering tools and small diaiT>eter workpiecas to within 0. 002 or 0. 003 inch when 
firmly tightened. * * * \ 

. L Hollow headstock spindle chuck (fig i7)> The hojlow headstock spindle 
chuck is similar to a drill chuck but is hollow and is provided with threads to screw 
onto the headstock spindle nose. This chuck can be used to hold rods, tubes, or bars 
which are passed through the headstock spindle. It is generally capable of centering 
' workpieces to an'accuracy of 0. 002 inch. 
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Collet chuck . 

. (1) ^ The collet chuc^ is the most accurate means of holding small 
workpieces in the lathe. The collet chuck consists of a spring 
machine collet {fig l8) and a collet attachment which secures 
andi^egulates the collet on the headstock spindle of the lathe. 

\Z) The spring machine collet (fig 18) -is a thin metal bushing with 
- an accurately machined bore and a tapered exterior. The collet 
^ has three lengthwise slots to permit its sides berng sprung 

slightly inward to grip the workpiece. To grip the workpiece 
accurately, the collet must be no more than 0. OGi inch larger 
a or smaller than the diameter of the piece to be chucked. For 

this reason spring machine collets are generally supplied in sets 
with various capacities in 1/16-. 1/32-. or 1/64-inch increments. 
•For -general purposes, the spring ^achine collets are limited in 
capacity to 1 inch in diameter. 

(3) The collet attachment which with tlie spring machine collet forms 
the collet chuck, consists of a collet sfeeve, a drawbar, and a 
handwheel or hand lever^to move the drawbar. Figure 19 
illustrates a fypical collpt chuck installation. The collet -sleeve * 
is fitted to the right end of the headstock spindle. The drawbar 

* p^tfses through the headstock spindle and is threaded to\he 
spring machinje cx)llet. When the drawbar is rotated by nLans 
of the handwheel, the collet is puU^d inward and the collet walls 
are cammed together by contact with the collet sleeve, tightening"^ 
the chuck to the workpiece. • » 

(4) Collet chucks are usually standard, equipment on toolroom-r 
type engine lathes and^orTliorizont^ turret lathes. Spring 
machine collets are available in duSsrent shapes (fig 18)* to 
chuck square and hexagonal workpieces of small dimensions as 
well as round workpieces. 
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Figure 17. Hqllow headstock spindle chuck. 
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Figure 18. Spring machine collet shapes. 
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Figure 19. Typical installation of collet chuck. 

Step chuck . The step chuck is a \)'ariation of the collet chuck, but is 
intended for very accurate holding of workpieces larger than 1 inch in diameter, The 
step chuck consists of the handwheel or hand lever collet attachment {g^ above) and a 
step chuck machine collet (fig 20) in place of the regular spring machine collet. The 
step chuck machine collet, which is split into, three section's like the spring machine 
collet, is threaded to the drawbar of the collet attachment, < As the step chuck 
machine collet is drawn into the collet sleeve, the three sections of the collet are 
cammed against the v/orkpiece by an inside taper in the collet sleeve. The step 
chuck is supplied in 2, 3, 4, and 5 inch sizes, the size indicating the maximum 
diameter of workpieces that can be supported. The step chuck machine collets are 
furnished blank and machined on the lathe to the desired step diameter. 

♦ i^. Lathe tatlstock chuck (fig 20), The lathe tailstock chuck is a device 
designed to support the ends of workpieces in the tailstock when a lathe center cannot 
be conveniently used. The chuck has a taper arbor that fits the lathe tailstock spindle. 
The three bronze self-centering jaws of the chuck will accurately close upon 
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workpieces between 1/4 and^l inch in diameter. The bronze jaws provide a good 
bearing surface for the workpiece. The jaws are adjusted to the diameter of the 
workpiece and then locked iii place. 
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Figure 20. Step chuck machine collet and lathe tailstock chuck. 



8. U^THJE FACEPUiTES. 
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a. A lathe faceplate (fig 21) is a flat, round plate that threads to the head- 
stock spindle of the^lathe. The faceplate is used for irregularly-shaped workpieces 
that cannot be successfSlly held by chucks ot mounted'between centers. The work- 
piece* rs either attac|ied to the faceplate using angle plates or brackets or bolted 
directly to the plate. Radial T-slots in the faceplate surface facilitate mounting of ^ 
workpieces. The faceplate is valuable for mounting workpieces in which an eccentric 
hole or\projection is to be'machined. The number of applications of the faceplates 
depend upon the ingenuity of the machinist, 

^. A small faceplate knowjn as a driving faceplate is used to drive the lathe 
dog for workpieces mounted between centers. The driving faceplate usually has 
fewer T-slots than the larger faceplates. When the workpiece is supported between 
centers, a lathe dog is fastened to the workpiece and engaged in a slot of the driving 
faceplate, * * ' * 



V 
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Figure 21. Lathe 



plates. 



9. LATHE CENTERS 
General 



} 



a. 



Lathe centers are the most common devices for supporting 



workpieces in the lathe. Most lathe centers have a tapered with a 60^ included 

angle to fit workpiece holes with the same angle. The workpiece is supported between 
two centers, one'in the headstock spindle and one in the tailstock spindle. Centers 
for lathe work have standard tapered shanks that fit into the tailstock directly and into 
the headstock spindle, using a center sleeve to convert the larger bore o£ the spindle 
to the smaller taper size of the lathe center! The centers are referred to as live 
centers or dead centers depending upon whether they move with the workpiece or 
remain stationary. The most common types of centers are described in b through f 
below. 



The male center or plain center is the type used 
The point is ground to a 60 cone 




b* Male center (fig 22), 
in pairs for most general lathe turning operations 

angle. When used in the headstock spindle, where it revolves with the .workpiece, it 
is commonly called a live center. When used in the tailstock, spindle, where it re-* 
mains stationary when the workpiece is turned, it is called a dead center. Dead 
centers are always hard and must be lubricated very often to prevent pverheating. 

c. Pipe center (fig 22), The' pipe center is similar to the male center 
but its cone is ground to a greater angle and is larger in size. It is used for holding 
pipe and tubing in the lat^^e. 

Female center (fig 22)^ The female center is conicalLy bored at the 
is used to support workpieces that are pointed on the end. 
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Figure 22. Types of lathe centers. 

e. Half male center (fig 22), The half male center is a male center that 
has a portion of the 60° cone cut away. The half male center is used as a deadcent^ 
in the tailstock where complete facing is to be performed. The cutaway portion o£ ^ 
the center faces the cutting tool and provides the necessary clearance for the tool 
when facing the surface immediately around the drilled center in the workpiece. 

L V-center (fig 22). The V-center is used to support round workpieces 
at right angles to the lathe axis for special operations such as drilling or reaming. 

10. LATHE DOGS, 



a. Purpose. Lathe dogs (fig 23) are cast metal devices used to provide 
a firm connectiQn between the headstooi^ spindle and the workpiece mounted between 
centers. This firm connection permits the workpiece to be driven at the same speed 
as the spindle under the strain of cutting. Three common types of the lathe dogs are 
illustrated in figure 23,. Lathe dogs may have bent tails or straight tails. When bent 
tail dogs are used, the tail fits into a ^lot of the driving faceplate. When straight 
tail dogs are used, the tail bears against a stud projecting from the faceplate. 



OS 424, 8-P25 



313 



0 

ERIC 






IEnT lAll LATHI tlM TAU UlHf QOC ^ ' tlNT TAJl OAMP 

DOG WHH SOUAK //(TH HEAOUSS SCIEW UTh( OOC 



HUO SCtCW 



Figure 23. Common type-s of lathe dogs. 

b. Safety . The bent tail lathe dog with headless setscrew is considered 
safer than the dog with the square head screw because the headless setscrew reduces 
the danger of the dog catching in the operator's clothing and causing an accident. 

c^. Special lathe dog . The bent tail clamp iB-the dog is used primarily for 
holding rectangular workpieces. 

11. MANDR^JUS^ ; ' ' \ . * 

General . A workpiece which cannot be held between centers because 
its axis has been drilled or bored and which is not s.uitablo for holding in a chuck or 
against a faceplate is usually machined on a mandrel. A mandrel is a tapered axle 
pressed into the bore of the workpiece to support it between centers^ A mandrel 
should not be confused with an arbor which is a similar device but used for holding 
tools rather than workpieces. 

b. Solid machine mandre olid machine mandrel is generally 
made from hardened steel and ground to a slight taper of from 0. 0005 to 0. 0006 inch 
per inch. It has very accurately countersunk centers at each end for mounting be- 
tween centers. The ends of the mandrel are smaller than the body and have machined 

N(lats for the lathe dog to grip. The size of the solid machine mandrel is always 
'stamped on the large end of the taper. 

c. I<xpansion mandrel (fig 24). Since solid machine mandrels have a very 
slight taper, they are limited to workpieces with specific inside diameters. An ex- 
pansion mandrel will accept workpieces having a greater range of sizes. The expan- 
sion mandrel is, in effect, a chuck arrang^f^so that the grips can be forced outward 
against the interior of the hole in the workpiece. 

12. RESTS. 

a. General. Workpieces often need extra support* edpecially long, thin 
workpieces that tend to spring away from the cutter bit. Two common supports or ^ - 
rests are the steady rest and the follower rest'J 
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Figure 24. Types of marndtels. 

■V 

^ b. Steady rest (frg 25). The steady rest, or center rest, as it is also 

called, is used to support long workpieces for turning and boring operations. It is 
also used for internal threading operations where the workpiece projects a consider- 
able distance from the chuck or faceplate. The steady rest is clamped to the lathe 
bed at the desired location and Supports the workpiece within three adjustable^jaws. 
The workpiece must be machined with a concentric bearing surface at the point where 

, the steady rest is to be applied. The jaws must be carefully adjusted fot proper 
alinement and locked in position. The area of contact mu6t be lubricated frequently, 
Th:»'top section of the steady rest swings away from the bottom section to permit re- 
moval of the workpiece without disturbing the jaw setting. » 

c.' Follower rest (fig 25). The follower rest has one or, two jaws that bear 
against the workpiece. ''The rest is fastened to the lathe carriage so that it will follow 
the cutter bit aiD^ib^ar upon the porti*on of the workpiece that has just been turned. 
The cut must first be started ajid continued for a short longitudinal distance before 
the follQwer^rest may be applied. The rest is generally used only for straight turning 
and for threading of long, thin workpieces. 
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13. TOOLPOST GRINDING MACHINE. The toolpost grinding machine (fig 26) 
is a machine tool attachment specially designed for cylindrical grinding operations 
on the lathe. It consists primarily of a 1/4- or 1 /3 -horsepower electricv motor and ' 
a wheel sptadle* connected by means^of pulleys and a belt. The machine fastens to 
the compound rest of the lathe with a T-s^ot bolt which fits in the T-slot of the com- 
pound rest in the same manner as the lathe toolpost. The toolpost grinding machine 
mounts grinding Abrasive wheels ranging from 1/4 to 3 or 4 inches 'in diameter for 
internal and external grinding operations) and the pulleys on the wheel spindle and ^ 
motor shaft are intercl^angeable to provide proper cutting speeds for the various 
wheel sizes. The larger grinding abrasive wheels^sed for external grinding are 
attached ^k^he wheel spindle with an arbor. Small, mounted grinding abrasive 
wheels for internal grinding are fixed in a chuck which screws to the wheel spindle. 
The electric motor is connected to an electrical power source by cleans oi a cable 
and plug. A switch is usually provided at the attachment to facilitate starting and 
stopping of the motor, ^ 




■ \ 



4 ' 



' ' Figure 26. Toolpost grinding machine. 

* 

' ^14. MI1.LING AND GRINDING LATHE ATTACHMENT. The milling and grinding 
lath© attachment (fig 27) is a versatile, self-powered attachment that fits to the 
carriage of the lathe." The attachment is used for milling slots, flats, or keyways 
on lathe mounted workpieces, for performing internal and external grinding operations, 
for drilling holes in the periphery of lathe mounteid v/brkpieces, for reaming and 
boring operations, and for milling gear teeth and square tooth threads. The spindle 
of the milling and grinding lathe attachment is vertically adjustable, riding on feJur 
shafts and controlled by a screw and handwheel. Different head accessories adapt 
the attachment for performing the variety of functions mentioned above^ 
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, Figure 27. Milling and grinding' lathe attachment, 
15. LAYING OUT WOBK, 

$ 

• " General, *Laying out work for the lathe consists primarily of determining 

the best method for supporting the workpiece in the lathe and then locating^ and pre- 
paring centers if necessary, 

k* Methods for supporting workpieces . If the workpiece ia to be turned or 
threaded and is reasonably small in diameter and reasonably long, the usual method 
of rtnounting is between centers. If extensive facing, boring, or internal /threading ia 
to be ftone, the usual method of mounting is in^ chuck? and if the piece ia very long, 
a steady rest should be used near the end to be worked. If the workpiece tb be 
machined is irregular in*shape and not easily adaptable to chucking, the workpiece ia 
usu^llly fastened to a faceplate. 

r ' 

I^ocating centers of cvUndrical workpiecea . If the workpiece ia to be 
mounted between lathe centers it tha headstock and tailatock/ it is neceaaary to 
locate the centers of the workpiece accurately, Accutrate centering ia important «o 
, that the entire diameter wil^ finish to size, and the depth of cut will be uniform 
'throughout. Several methods of centering bar stock are described in (1) through (3) 
/telow, ' \ ^ 



(1) 



Hermaphr odite caliper methoaTffig 28), '^ Set a pair of hermaph*^ 
rodite calipers to approximately one-half the workpiece diameter 
and scribe^ four short arcs. The' arcs will enclose the center. 



OS 424, 8-P29 



317 




CENTERING USING CENTER HEAD ^ ^ ^ 

OF COMBINATION MACHINIST'S SQUARE CENTERING USING OlVlOERS 

Figure 28. Locating centers on bar stocK. ^^^^ 256a9\a 

Note, —to make the scribed lines visible, the surface may be first lightly 
covered with pigment such as red lead or. Prussian blue, or it may be treated 
with a light application of copper sulfate solution. 

(2) Center head method (fi^ 28). Hold the center head of a combina- 
tion machinist's square firmly against the workpiece and scribe 
a line close to the blade. Give the workpiece a quarter turn and 
' scribe a similar line. The point at which the lines intersect will 
be the center. 

'(3) Divider method (fig 28). With the workpiece on a flat surface, 
set' the dividers to approximately one-half the diameter of the 
pi^ce and scribe four lines across each end. The center will be 
within the small square thus formed. 

Locating centers of irregular workpiece^. No definite rules can be ^ 
given forl:entering irregular workpieces. Common sense, good judgment, and s<3me 
layout experience are required if the centers are to be locate^ correctly. 

e. Testing centers , When> the centers are accurately located, they should 
be testedl)efore drilling and countersinking. Carefully indent the centers Ughtly 
vTith a center punch. Place the wprkpie'ce in the lathe bet^Ji^een lathe centers. Hold a 
piece of chaik Ughtly against the workpiece and, supporting the chalk well, rotate the ■ 
workpiece slowly by hand (fig 29). High spots can be clearly marked in thib manner 
at eit^ier end of the piece, and thfe centers can be corrected as necessary. it is . 
necessary to cha,ige the cfenter marks ^'fter testing, a satisfactory method of doing so 
is to support the ^iece in a yise and, holding a center punch at an an^le, drive the 
center mark in the desired direction. , ^ ^ 
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Figure 29. Method of testing location of centers, 
f . Drilling and countersinking center holes^ * 

(1) After the centers have been properly located on the ends of the 

workpiece, drill and countersink centers to the proper depth and 
shape to fit the lathe centers. This can be done using a small 
twist drill followed by a 60 center countersink (fig 30^ or, more 
commonly, using a countersink and drill which combines both 
tools (fig 30). 





'/"T"'' \' COUNm»« AND OtIU 
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Figure 30. Topis for drilling and countersinking center holes. 

(2) It is very important that the center holes are drilled and counter- 
_ sunk so that they will fit the lathe centers exactly. Incorrectly 

drilled holes will subject the lathe centers to unnecessaj^y wear, 
and the workpiefce will not rvin true because of poor bearing- 
surfaces. A correctly drilled and countersunk hole has a uniform 
60*^ taper and has clearance at the bottom for the?' point of the 
lathe center. Figure 31 illustrates correctly and incorrectly 
drilled center holes. The holes should haye a polished appearance- 
so not to score the lathe centers 1 



OS 424, 8-P31 



ERIC 



319 




CORRECTtY DRILLED 'HOLE 




HOLE DRILLED " TOO" DEEP 




HOLE DRILLED AT INCORRECT ANGLE - y-- - _ 

Figure 31. Correctly and incorrectly drilled center holes. 

(3) The actual drilUng and counter a inicing^ of center holes can be 

done on a drilling machine or by drilUng in the lathe itself. The 
spindle speed, should be about 600 revolutions per minute and the 
feed should be kppt comparatively light to prevent any possibiUty/V 
of breaking the drill point. A broken drilf point requi'r'es' that the 
end of the workplace and broken point be .annealed so th^t the 
point can be drilled out. This procedure is slow and might result 
in spoiling of the workpiece. When drilling and countersinking ' 
the center holes, make allowance for the thickness o£ metal that 
will be removed by facing; fa^ilure to do so may result in 
^ insufficient bearing surface for the lathe center^fter the facing 
operation is accomplished^ 
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(4) The suggested drill sizes for 1/2- and Z-inch diameter workpieces are 
^ 0. 043 and 0. 157 inch, respectively. The suggested countersink diamete 

for l/2-.and Z-inch diameter workpieces are 1/8 and 7/16 inch respec- 
tively. 

16. MOUNTING WORKPIECE BETWEEN CENTERS., 

^' Inserting and removing lathe centers. The quality of workmanship depends 
as much on the condition of the lathe centers as on the proper driUing of the center holes.' 
Before mounting lathe^centers in the headstock or tailstock, thoroughly clean the centers] 
the center sleeve, and the tapered sockets in the headstock and tailstock spindles. Any 
dirt or chips on the centers or In their sockets will prevent the centers from seating 
properly, and will cause the centers to run out of true. *^ 

(1) Install the lathe center in the tailstock spindle with a light twisting 
motion to insure a clean fit. Install the center sleeve into the head- 
stock spindle and install the lathe center into the center sleeve with 
a light twisting motion. 

Note. - When male centers are supplied in pairs, the tailstock center is usually 
distinguished from the headstqck center by a groove close to the tapered point. 
This groove indicates that the tailstock center has been hardened and tempered 
for use as a deadcenter. The ungrooved headstock center is not hardened because 
It will rotate with the work as a live center. 

(2) Remove the center from the headstock spindle by holding the pointed 
end with a cloth or rag in one hand and giving the center a sharp 
^^P ^^'^ ^ rod or knockout bar inserted through the hollow headstock 
spindle. 

(3) Remove the center from th'e tailstock by turning the tailstock tt^d- 
wheel to 'draw the tailstock spindle into the tailstock. The ce^iter will 
contact the tailstock screw and will be bumped loose from xJe socket. 

^' Grinding lathe centers (fig 32). Occasionally, it will be necesdkry to 
grind or redress the lathe centers when they become scored, misalined, or/vorn. 
The grinding is accomplished in the following manner: 

(1) Carefully, clean the spindle taper socket, lathe center, and center 
sleeve. Jnspect these mating parts carefully and see that they are 
free from burs and scorilig. 

(2) In/ert the lathe center and center sleeve solidly in the headstock 
^ ?pindle. 

(3) Set the compound rest at an angle of 30° to the axis of the lathe. 

(4) Clean and lubricate the dovetail slide upon which the compound 
rest moves. Adjust the tapered gib at the side of the compound 
rest to remove all looseness without causing the rest to bind. 
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(5) Cover the carriage and ways with paper or cloth to protect them 
from particles of abrasive grit from the grinding abrasive wheel. 
This step is important, for the grit could become imbedded and 
quickly destroy the accuracy of the lathe. 

(6) " Mount a toolpost grinding machine in the T-slot of the compound 

rest. Adjust the face of the grinding abrasive wheel parallel to 
the conical surface of the center. See that the point of the lathe 
center is alined with the center hole in the end of the arbor which 
retains the grinding abrasive wheel on the wheel spindle. Check 
the grinding machine for end play and adjust if necessary. True 
the grinding abrasive wheel. 

(7) Set the .compound rest near the center of its travel and move the 
carriage and crossfeed to position the grinding abrasive wheel 
within a few thousandths of an inch from the lathe center. Lock 

1^ " the carriage in this position to prevent mfrvement during the 
grinding operation. 

(8) Start lathe at moderate 'speed (60 to 100 f.p.m. ) and then start 
the grinding machine,- making sure that the lathe and grinding 
abrasive wheel both rotate in the same direction (the workpiece 
and the wheel will be moving in opposite directions at the ppint 
of contafct). 

Generally the lathe will be placed in reverse ^ear, 

(9) Move the grinding abrasive wheel until it touches the rotating 
lathe center. Set depth of cut between 0. 001 and 0. 002 inch. 
Carefully feed the grinding abrasive wheel. along the face of the 
lathe center by turning compound rest feed handle, starting at 
the point of the lathe center, and feeding tabard the headstock. 
Make additional passes in the same direction, increasing the 
feed with each pass until the center is true and smooth. 

(10} Stop the lathe and grinding machine and use a 60^ angle center 
gage to check the center for accuracy. If the angle is not a true 
60*^, readjust the compound rest and repeat [i) and (9) above. 

i. 

(11) Polish the center witih a strip of fine emery cloth after grinding. 
Use a high spindle spe^d. It is good practice to grind the tail* 
stock center first and grind the hfiadstook center last so that the 
headstock center need not be removed ftom the lathe after 
grinding. This practice will give the headstock spindle more 
accuracy. Sharp points of centers should be removed, to prevent 
personnel injury. 

♦ 

Checking alinement of centers . 

•(1) In order to turn a shaft straight and true between centers, it is 
necessary that the centers be in a plane parallel to the ways of 
the lathe. The tailstock may be moved laterally to accomplish 
this alinement by means of adjusting screws after.it has been 
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released from^e ways, zero lines are located at the reeir^ 

of the tailjJbock and the centers are approximately alined when 
these lines coincide (fig 33). This alinement may be checked 
by moving the Uilstock up close to the headstock so that the 
centers almost touch, and observing their relative positions 
(fig 33). . . 




TOOL POST GRINDING MACHINE 



Figure 32. Grinding lathe centers with a toolpost grinding machine. 

(2) The preferred method of checking alinement of centers is by 
mounting the workpiece between centers and taking light cuts at 
both ends without changing the carriage adjustments. Measure 
each end thus cut with calipers or a micrometer. If the tailstock 
end is greater in diameter than the headstock end, the tailstock 
is displaced to the rear, arid if the uilstock end is smaller in 
diameter than the headstock end, the tails'tock is dispersed to the 
front. Take additional cuts in the same manner after each ad- 
justment until both cuts measure the same. 

(3) Another good method of checldng alinement of centers may be 
obtained by mounting a test bar (one in which the uniformity of 

^ le diameter is known J between the centers and bringing both 
ends of .the bar to a zero residing on a dial indicator clamped 
to the lathe toolpost (fig 33)* The tailstock must be clamped 
firmly to the bedways and, the test bar must be firmly set be- 
tween the centers when taking the indicator readings. 

d« Setting up workpieces between centers * 

(1) After the laj:he centers have been properly installed and alined, 
and the workpiece correctly drilled and Countersunk, mount the 
piece in the lathe using a driving faceplate and a lathe dog (fig 34), 
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Make sure that%ege,^^rnal threads of the headstock spindle are 
clean before screwing on the driving faceplate. Screw the face- 
. plate securely onto the spindle. Clamp the lathe dog on the work- 
piece so that its tail overhangs the end of the workpiece. If the 
workpiece is finished, place a split ring of soft material ^uch as 
brass between the setscrew of the dog and workpiece. Mount the 
workpiece between the centers. Make sure that the lathe dog tail 
fits freely in the slot of the faceplate and does not bind. 
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Figure 33: Alinement of lathe centers. 
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Figure 34. Work correctly mounted between centers in lathe. 

(3) Since the tailatock center xs'a dead center and does not revolve 
with the workpiece, it requires lubrication, A few drops of oil 
mixed with white lead should be applied to the center before the 
^1 workpiece is set up. The tailatock should be adjusted so that the 

dead center fits firmly into the center hole of the workpiece but 
does not bind. The lathe should be stopped at intervals and 
additional oil and white lead mixture applied to the dead center 
to prevent overheating and harm to the center and th^ worJcpiece. 

17. MOUNTING WORKPIECES IN CHOCKS. 

a. Installing the chuck . When installing the chuck or any attachment that 
screws onto the lathe headstock spindle, the threads and bearing surfaces of both 
spindle and chuck must be cleaned and oiled. In cleaning the internal threads of the 
chuck, a spring thread cleaner is very useful. Thread the chuck firmly On the head- 
stock spindle by holding the chuck stationary and 6lowly rotating the lathe spindle by 
hand. ' 

b. Motmting and alining workpiecee in the independent chuck * 

(1) Place the workpiece between the chuck jaws and adjust the jaws 
to an approximate -centere^d position by referring' to the concen- 
tric rings scribed on the chuck face. 

(2j Start the lathe and hold a. piece of chalk lightly against the re- 
volving workpiece until a mark shows on the workpiece. Read- 
/ just the chuck by loosening the jaw or jaws opposite the chalk 

/ mark and tightening the jaw or jaws on the chalk mark side. 

V Repeat the above process until the workpiece is satisfactorily 

^ alined. 

(3) To center a workpiece having a smooth surface, the best method 
is to use a dial test indicator. Place the point of the indicator 
against the outside or inside diameter of the workpiece (fig 35), ' 
Revolve the workpiece slowly by hand and notice any deviations 
on the dial. This method will indicate any inaccufacy of the 
centering in thousandths of an inch. Test the face of the work- 
piece for wobble with a dial .test indicator against the face of the 
piece (fig 36). 
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(4) K an irregular shaped workpiece is mounted in the ghuck, the 
alinernent can be checked with a center indicator. Attach the 
center indicator to the lathe toolpost and place the short end of 
the indicator pointer in the center punchmark in the pieice <fig • 
37). Move the tailstock center close to the long end of the 
indicatoV pointer, and. adjust the toolpost so that the pointer is 
approximately in line with the tailstock center. Rev^lvejhg* 
headstock spindle slowly by hand" and observe any m^^^i^Jl^Vf 
the long end of the indicator pointer in relation tomie tailstock 
center. The long end of the indicator will magnify any inaccu^^xy 
of centering; if it remains stationary, the workpiece is^accurat^ 
centered. 




Figure 37. Using a center indicator to check workpiece alinernent. 



Setting workpiece in un iversal scroll chuck, hollow spindle chuck, or 
drill chuck. No satisfactory centering adjustments are possible witH universal scroll 
chucks, hollow spindle chucks, and drill chucks; therefor^, if the workpiece cannot 
be satisfactorily centered in one of these chucks, the independent chuck mUst be used 
(b above). To set up the workpie,ce in the universal scrolUchuck, place the piece be- 
tween the jaws and turn the adjusting pinion to bring the jaws firm^ly against the piece. 

i- Removing chucks from the lathe. To remove chunks that are screwed to 
the headstock spindle of the lathe, a chuck-removing wrench should be used.^ K a 
wrench is unavailable, place a wooden block between the ways of the lathe and another 
wooden block between a way of the lathe and one chuck jaw (fig 38). Then, set lathe 
spind^fe in reverse and start in low gear to loosen chuck from spindle, 

(^aution. —A wooden plate should always be placed on the lathe bed before this 
operation to prevent the lathe bed or chuck froi?) being damaged if the chuck 
should drop. - 



T 
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Figure 38. Removing chuck from lathe spindle by means of a wooden block. 



18. MOUNTING WOBKPIECE§, TO FACEPLATJES, . 

a. Installing and alining the faceplate. When screwing the faceplate on the 
headstock spindle, the same cleaning and lubricating procedures described for chucks 
should be observed. The acciiracy of the bearing surface of the faceplate is extremely 
important. Any ui\evenness of this surface should be ren^oved by taking a facing cut. , 

b. Mounting workpi^ce to faceplate . The workpiece is' attached to the 
faceplate by bolting angle plates and brackets to secure the workpiece. Care should 
be exercised when clamping the piece so that neither the piece nor the faceplate will 
be sprung. To eliminate any Spring or vibration caused by having the piece offset on 
the faceplate, "liTb^lapce weights may be used. Paper placed between the faceplate 
and 'the piece will help reduce possible slippage caused by slight unevennesses on the 
workpiece or faceplate. Figure 39 illustrates a typical setup using the faceplate. 

c. Checking centering of workpiece on faceplate . The alinement or 
centering of a workpie<;eon faceplates should be checked by using a dial test indicator 
or a center indicator. 

s 

♦ 

d. Removing faceplate from lathe . The faceplate should be removed from 
'the lathe in the same manner. described for removing chucks. If the vooden block 

method is used, bolt a. projecting bracket or lug to the faceplate to grip the wooden 
block when the spindle is rotated. 

19. MOUNTING WORKPIECES ON MANDRE13. 

* • 
a^. Selection^ Make sure the mandrel selected is of the proper size for the 

workpiece to be moiinted. The bore of the workpiece and the mandrel must be free 

of burs and both surfaces must be thoroughly clean. 
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where, r.p.m. = spindle sp^ed (in revolutions per minute); 
f. p. m. = cutting speed (in ft. per min.); • 
^ nr 3. 1416; 

JP = diameter (in in. ) of workpiece. 



JFof example; if a 2.250-|nch diameter workpiece is to be cut at 
the rate of 120 feet per rtinute, the spindle spee4 is calculated 

as follows: ^^^^ 

f>P.m.' _ _I2_; X 120 
D ■ 3.1416 X2.250 



r.p».m. = 



204 r. p. m. 



Spindle speed for drills and other rotating cutters can be de- 
termined using the same formula by substituting'the cutting 
diameter of the drill or cutter for the diam'eter of the workpiece. 

TABLE II. LATHE CUTTING SPEEDS FOR STRAIGHT TURNING AND THREADING 



Material 



Straight turning 
speed (f. p. ro. )^ 



Aluminum 

Brass, yellow 

Bronze, ,^oft 

Bronze/ hard 

Cast iron 

Copper 

Monel m^tal . 

Steel, high carbon (tool) 

Stoelf. low carbon 

Steel, *medium carbon 

SteeU stainless 



200 to 300 

150 to 200 
80 to 100 
30 to 80 
-50 to' 80 
60 to 80 

lot) to 120 
35 to 40 
80 to 100 
60 to 80, 

.40 to 50 



Threading 
speed (f . p. m. )^ 



SO 

50 

30 

20 

25 

25 

35* 

15 

3^5 

25 

15 



m- The 'speeds are based on the use of high-speed steel cutter bits. These. speeds 
may be increased 25 to, 50 percent, if a cutting oil is used. If Stellite or carbide- 
tipped cutter *bits are u£^ed, speeds may be 2 or 3 times as high as th'ose given for 
high-speed steel^cutter bits. If carbon-steel cufter bits are used, the speed should 
be reduced by about 25 percent. ~ ^ 

(4) Other factors to ccmsider when selecting cutting speed include 
use of cutting oil, length cfnd diameter of the workpiece, and 
the ccridition of the lathe. If a large stream of proper cutting 
oil is applied to the workpiece at the cutter bit| thp cutting sp6ed 
can be increased^ If the diameter of the workpiece is small and 
its length great enough to set up vibrations due to speed, a poor 
.inish^ill r^ult; to correct this condition, the speed must 
necessarily be reduced. The lathe may also be in poor condition 
)So that high speeds will cause harmful vibrations. 

(5) The technical manual for the lathe being used should be consulted 
for instructions in setting the spindle speed for operation. If a 
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Feed. 



desired spindle speed is not available. or» the Uthe, ;> elect a speed 
nearest^that which is desired, generally tne first slower sp«ed 
available.- For efficient lathe operation, the machinist should 
be able to recognize too slow a speed as well as too fast a speed. 




(1) ' / General . t"eed is thj term applied to* the distance the cutter bit 

^ advances for eS.ch 'revolution of the workpiece. Feed is specified 
in inches, per revolution. Since the best fe^d depends upon a 
"number of factors such as depth of cut, type of material, size of 
workpiece, and condition' of the lathe, it is dit'fi.cult to list the 
best feed for -different materials. 

(2) Rough cuts . For rougfi cut$, the feed may be relatively heavy 
since the surface. peed not be exceptionally smooth. For most 
materials, the feed for rough cuts should be 0. 010 to 0. 020 inch 
per revolution. The feed may be 0. 040 inch on large lathes with 
larger di^a-meter workpieces. Care must be taken when turning . 
slender \yorkpieces as a heavy cut may bend the piece, ruining 
it. In^^is case, it is>est to reduce the, feed to 0.008 to O.OIS 
inch ppr revolution. ' ^ 

(3) Finish cuts . For finish -cuts, a light feed is necessary since a 
heavy feed causes a built-up edge to form on the surface which 
produces a poor finish. If a large amount of stpck is to be re- 
moved, it IS advisable to take one or more roughing cuts ((2) 
above) and then take light finishing cuts at re[ativ|?ly high speeds. 
For most materials, ^e feed for finishing 'cuts should be 0. 003 

* ' to O.'OlO inch per revolution. An exception t"s the finishing of 
soft metals like aluminum where ^ broadnose cutter bit is used 
at feeds as great as 1/8 to 1/2 inc.h per revplution. ^ 

4 

Depth of cut . - $ 

(1) ' General. The depth pf cut regulates the reduction in diameter 
of the workpiece for each longitudinal traverse of the cutter bit. 
The workpiece'diameter is reduced 6y twice the depth of cut in 
js^ch complete traverse of the cutter bit. Generally, the deeper 
the cut, the slower the speed, since a deep cut requires more 
power. 

^2) Rough cuts . The depth of cut for roughing is generally five to 

ten times deeper than the feed. The reason for tl^ is that n:iore 
of the cutting edge of the cutter bit is in contact wi|[^the workpiece 
for the amount of metal being removed and permits aWreater 
speed to be used. For roughing with feeds of f.rom 0.010 to 
0.020 inch per revolution, the depth of cut should be between 
3/16 and 1/4 inch. Deeper cuts up to 1/2 inch can be tak|J^M 
the feed should be proportionately reduced. A heavy cuCmayT 
cause" the workpiece and cutter bit to chatter and in this case the 
depth of cut-should be reduced. 
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'(3) Finish cuts . Fihish-cuts are generally very light, and^the cutting 
speed therefore can be increased since the chip is thin. 



Z2. CUTTING OILSi ^ 

' * a^. General. The Qhief purpose of a cutting oil is to cool the cutter bit and |^ 
workpiece, and the name coolant is often given to the oil. A cutter Jbit will last longer 
and will be capable pf withstanding greateir -.speeds without overheatfng when a cutting 
oxli» used, A cutting oil also helps lubricate cuttex bits, improves the finish of the 
workpiece, guards against rusting, and washes away chips from the cutting area. 

b. Use . In production operations, the practice is to flooS the wo^,kpiec« 
and cutter bit wiA cutting, oil in order to obtain a full benefit of its use. For effective 
coolihg, it is important that the oil be directed at the escact point of the cutter bit - 
contact. A la^ge stream at low velocity is to be preferred to a small stream at hi^h^ 
velocity. In small sh-ops 'where pump equipment is not available, cutting oils are used 
only for -finishing and delicate operations. It is general practice in this case to apply 
the cutting oil only when Actually required. ' * ^ * 

Types of cutting oils. Cutting .oils most commonly ^sed and their 
general applications ai^e descriSe^in (1) through (7) below. Table ill lists cutting 
oils for- specific lathe operations for different materials to be machined. ■ 

^' Lard oiU Pure lard oil is one of the oldest and best cutting oils. 

It is especially g.ood for thread cutting, tapping, de^p hole 
drilling, and reaming: Lard oil has a high degree of adhesion 
or oiliness, a relatively high specific heat, and its fluidity 
changes slightly with temperature. It is an excellent rust pre- 
ventive and produces a smooth finish on the workpiece. Because 
* lard oil is expensive, it is seldom used in a pure state but is 
^ . combined with other ingredients to form good cutling oil mixtures. 

(2) Mineral oil. Mineral oils are petroleum -base oils that range 
in-viscosity from kerosene to light paraffin oils. Mineral oil is 

^' very stable and doe^ not develop disagreeable odors like lard 
oil; however, it lacks some of the good qualities of laxd oil such 
as adhesion, oiliness, and high specific heat. Because it is 
relatively inexpensive, it is commonly mixed with lard oil or 
t other chemicals to provide cutting oils with desirably charac- 

teristics. Two mineral dils, kerosene and turpentine, are*often 
used alone for machining aluminum and magnesium. Paraffin 
oil is used.alone or with lard oil for machining copper and brass. 

(3) Mineral-lard cutting oil mixture . Various mixtures of mineral 

^ , oils and lard oil are used to make cutting oils which combine the 
* good points of both ingredi^ts but prove more economical and 

often as effective as pure lard oil. 

.(4) Sdlfurized-fatt^-mineral oil . Most good .cutting oils contain 
mineral oil and lard oil with various amounts of sulfur and 
chlorine which give the oils good antiweld properties and promate 
free machining. These oils play an important part in present day 
* machining because they provide good finishes on most materials 

and aid the cutting of tough Material. 
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TABLE m, CUTTING OIl-S F 



Material 



X 



iAthe operations 



Cutting Oil 



Heavy cutting 



Light cutting 



Threading 



Alapriinum 



Brass 



Bronze 



Cast iron 



Copper 



Monel metal 



Steely machine 



Steel, tool 



Steel» stainless 



Dry; soluble cutting 
oil. 



Dry; soluble cutting 
oil. ^ 



Soluble cutting oil. 



Dry. 



,Dty\ nDineral-fatty- 
blend cutting oil.. 

Soluble cutting oil; 
sulfur iaed -fatty • , ' 
mineral' cutting oil* 



Soluble cutting oil* 



Soluble cutting oil; 

sulfurized-fattyr 
mineral cutting oil. 



Soluble cutting oil; 
sulfurized-fatty- 
mineral cutting* 
oil. ' 



Dry^ 



Dry. 



Soluble 
cutting oil. 

Dry. 



Dry; mineral- 
fatty-blend 
cutting oil. 

Soluble cutting 
oil; suLfu- 
rized-fatty- 
mineral - , 

' cutting oih 

Mmeral-fatty 
blend cutting 
pil; soluble 
cutting oil. 

Soluble cutting 
oil; sulfu- 
rized -fatty 
mineral 
cutting oil* 

Soluble cutting 
oil; sulfu- 
rized-fatty 
mineral 
cutting oil* 



Mineral-fatty- 
blend cutting 
otl* 

Sulfurized-fatty- 
minera\ cutting 
oil. 

Sulfur -treated 
mineral-lard 
cutting oil. 

Sulfurized-fatty- 
mineral cutting 
oil. 

Mineral-fatty-' 
blend .cutting 
oil* 

Pure lard cutting 
oil; sulfurised 
fatty-mineral 
cutting oil* 



Sulf\irizedrfatty- 
mineral cutting 
oil. 



Pure lard cutting 
oil; suLfurized- 
fatty-mineral 
cutting oil. 



Pure lard cutting 
oil; sulfurized 
fatty-mineral 
cutting oil* 
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(5) Soluble cutting oil8> Water is an excellent cooling niedxum but 
has little lubricating value and hastens rust and corrosion. 

^ ' Therefore mineral iDils or lard- oils -which are miscible with 

water are often mixed with water to form a cutting oiU Soluble 
-oil anxhwater-'ha- s lubri cating qttaHti»r'd:epCTident-upon the strenyfe^ 
of the solution* Generally* soluble oil and water is used for 
-rotrgh' cutting where quick ^dissipation of heat is most important* 
' X Borax and trisodiiim phosphate are sometimes added to the solu- 

tion to improve its corrosion resistance. 

(6) Soda 'wat^r niixtures > Salts such' as soda ash and trisodium 
phosphate are sometimes added to water to help control rust. 
This mixture is the cheapest of all coolants and has.practically 
no lubricating value. < Lard oriLand soap in small -quantities are 
sometimes added to'the mixture to improve its lubricating 
qualities. Gelie rally, soda water is used only where cooling is 
the prime consideration and lubrication a secondary considera- ^ 
tipn. It>is especially suitable in reaming and threading operations 
on cast iron where a better finish is desired. 

* (7) ^_ White lead and lard* oil, mixture . White lead can be mixed with 

either lard oil or mineral oil-to form a cutting oil whi cb^s ' 
especially suitable for difficult machinin^^f very hard metahs, 

. 23. FACING. , . - y 

a. General. Facing is the square finishing of the ends of the workpiece 
and is often used to bring the piece to a specified length. In facing operations, the 
cutter bit does pot traverse laterally (left or right) but cuts inward or outward from 
the axis of the piece. Facing of ends is usually performed before turning operations. 

b. Mounting workpiecc:by facing . .The workpiece to be fac6d may-be 
mounted between centers or in a lathe chuck* If the right ex7d of the piece '^is to be 
faced and the piece is to be mounted between centers, a half center is often used in 
the tailstock spindle. The half center permits complete facing to the center hole ^ 
without interference with the center. With the piece mounted between centers, the 
left end cannot be faded if a lathe dog is usedr It^is advisable to reverse the piece 
for this operation. * ' ' 

c. Proper cutter bit for facing . The right-hand facing cutter bit (fig 8) 

is used for facing the right end oFthe workpiece and shoulders which face to the right. 
The left -hind facing cutter bit is used for facing the left end of the workpiece and 
shoulders which ^ace to the left. 

d. Position' of the cutter bit f.or -facing (fig 41). "With the cutter bit 
positioned in the' cutting toolholder, fasten the ,holder tb the toolpost. iJS-refully 
adjust the holder so that the cutting edge of the bit is exactly on th^tforizontal 
centerline of the workpiece. If the cutting edge is not on center, the end cannot be 
faced to the center of the piece, and the rake and clearance angles will not be correct. 
Adjust ^he cutting edge of the bit to a' sli'ght angle to the. workpiece surface by adjusting 
the compound rest of the lathe. 
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.A*. £aj;iDfiL.pp.^r.ati on > For the fiiist or roughing cut, set the cutter bit 



(d above)<and begin the cut as closb as possible to. the axis of the workpiece, feeding 
^e ^it outwardj away from the axis (fig 4-1). Rennove only enough metal to square 
the end over its entire surface. If the piece niust be .faced to a specified length, take 
two or more roughing cuta in the same manner,, leaving a small amount of metal to 
be removed for the finishing cut. For the finishing c^jtr^eadjust the .bit so that the 
cutting edge is snt nearly flat against the \vbrkpiece surface, removing only a light, 
thin chip. The finishing cut can be taken in either direction, from the axis outward 
as in the rpughing cut, or from the circumference of the workpiece inward toward the 
axis. In facing, care, is needed to see that the bit do*es not contact the tailstock center 



-J 
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Figure 4l'r. Position of the cutter bit for facing. 



334 



OS 424, 8.P48 



Z'4. STRAIGHT TURNING. 

*• GeneraL Straight turning nTay be performed upon a workpiece supported 
in a chuck* but the majority of workpieces turned on an engine lathe are turned be- 
tween lathe c^nte-r^T— Twr-ning^i^-th^-^emoval of metal frQm..th^ext«ixnal surface of _ 
cylindrical workpiecea, ^ 

b. Mounting workpiece s for straight tuxninR . Lathe centers must be in 
good condition anfd carefully alined. if the turning operation is to be accurate. If 
necessary, regrind the centers and check their alinement. When turning the work- 
piece, considerable heat will be generated which will cause the workpiece to expand. 
Latlje centers that are too tight may cause binding of the workpiece due to this expan* 
sion*. The tailstock center or dead center must be well lubricated to prevent its over- 
heating- The center hole and the tailstock center should l^e lubricated before the 
cutting operation with a mixture of white lead and oiU During the turning operation, 
feerthe dead center frequently to determine whether lubrication or adjustment is 
necessary. 

c. Pro_per cutter bits for straight turning . Straight turning is accomplished 
with the le^t-hand turning cutter bit, »the right-hand turning cutter bit, or the round- 
ncse turning cutter bit (fig 8). Wherevfer possible, the right-hand turning cutter bit 
or a roundnose bit ground for right to left turning is used and the bit is fed toward the 
headstock. If circumstances demand that the bit feed from left to right, such as in 
turning up to a shoulder, the left-hand cutter bit is used. The roundnose turning 
cutter bit is especially efficient for finishing cuts, 

• '• 

d. Position of cutter bit for straight turning . The cuttezf bit should be 
locked in the cutting toolholdeij and the holder should be fixed to the toolpost so that 
the cutting edge of the bit touches the workpiece surface at about 5 above the 
horizontal centerline of the piece ffig 4Z) since this portion gives the bit a better 

^cutting action. The distance above center is governed by the diameter of the Work- 
piece and front clearance angle of the bit. In a horizontal plane, the bit and holder 
should be positioned at a right angle to the workpiece axis or at a slight leading angle 
so that the bit will not dig into the piece if the bit or toolholder should accidentally 
loosen on the toolpost. 



WORKPIECE 



CUTTING TOOL HOLDER 




RA PO 256505 



Figt'-^-e 42. Position of r:?fn^*- hit f.or straight turninq:. 
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-j;^ — Straight turning operation. A3 a rule-rthe"wcrrkpiece is turned down by 
«t number of roughing cuts to a predetermined diameter which is within 1/3Z to 1/64 
inch of the diameter desired. The remaining metjil is removed by a finish cut with a 
fine feed to produce a^ood surface. After taking the first roughing cut along the 
entire workpiece surface, check the center alinement by measuring each end with 
calipers. If the ends are of different diameters, the tailstock center is out o£ aline- 
ment with the headstock spindle and realinement is necessary. Continue cutting after 
alinement is effected, stopping the lajjhe |it intervals to check the tailstock center 
(b above). After roughing, x<iv^^ se the en^s of the workpiece so that the area held 
by the lathe <iog can be turned. When the.piefee.is within 1/32 to 1/64 inch of the 
desired size,' reduce the dfipth of cut, r^iluce the feed, increase the spe^d, and take, 
light finishing cuts to the- ptopeV^^ipiensimv Caliper the piece after each cut, using 
n)icrometer calipers. Reverse thk pie c». again and, using shims under the lathe dog 
to prevent scoring of the machined^jClrface, finish the other end of the piece. 

Note . —Remember that if the workpiece is turned smaller thati the desired 
finished size, it cannot be made larger and is ruined. 

25. SHOULDER 'TURNING. 

a. General . It is frequently necessary to turn a workpiece so that it will 
have two or more diameters in its length. For example, a bar^lZ inches long might 
be 3 inches in diameter for half its length, and 3-1/2 inches in diameter for the other 
half. It would therefore have an abrupt step or shoulder 1/4 inch high 6 inches from 
the small end* The shoulder may be machined so that it forms a shafp corner with 
the small diameter, or a fillet may be formed so that the corner is slightly rounded 
instead of square. . " ' . 

b^. Mounting workpiece for shoulder turning . The workpiece may be 
mounted in a chuclc or between centers as<for straight turning. 

c. Proper cutter bits for shoulder turninf^ . For turning the small diameter 
portion of the workpiece down t^o the desired size, a roundnose turning cutter bit 

(fig S)'^is preferred. The shoulder is finish turned to size using a lacing cutter bit 
(fig 8) if a square shoulder is required, or with a roundnose turning cutter bit if a 
fillet is required. The roundnose cutteir bit may be specially ground tp produce a 
special size fillet if necessary. A parting cut'ter Wt (fig 8) may be used at the 
shoulder location to mark the position of the shoulder and in some cases to provide 
an undercut or recess (fig 43} if a bearing is to be carried on the shoulder. 

d . Shoulder turning operation . 

(1) The first important st^ in machining a shoulder is to locate the 
shoulder correctly. Usually, the position is marked by chalking 
the workpiece aft<5r it has been rough turned to the larger 
diameter and accurately indicating the shoulder location with 
hermaphrodite calipers (fig 43). 
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Figure 43. Location o£ shoulder pasition and types <3£ shoulder formations. 
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(2) 



(3) 



(4) 



26. PARTING. 



The small diameter portion of the workpiece is then turned down 
by a series of roughing cuts taken toward the shoulder. Take 
care to stop the tr^erse of the cutter bit about 1/32 inch before 
It reaches the scribed line; this 1/32 inch is important because 
It leaves- suffici.eiit metal on the shoulder to provide for facing 
operation after the smaller diameteP'portion has been turned to 
size. _.. ' , 

An -alternate method of shoulder turning is4o cut in at the 
shoulder mark with a parting cutter bit (fig 8). If this is done. - • 
be sure -the bit does not cut deeper than the required small 
diameter for square finished. shoulders or jifteper.than the small 
diameter less-the-fSdius of the_iVit^pded..£Ulet .if a filleted shouldei 
• 18 required. However, if the shoulderls to-carr/a bBarthg, it 
may be "desirable that an undercut or recess be left to assure 
good fit ffig 43), The workpiece is then turned to size, stopping 
the traverse of the cutter bit at the recess. 

As in straight-turning, the" workpiece should be rough turned to 
within 1/32 to 1/64 inch of its .finis.hed diameter. The 4,rocedure 
described in (a) or (b) below should be followed lor the finishing • 
cut. * 

fitteted shoulder finish. To finish a filleted shoulder, use 
longitudinal feed arid turn the small diameter up to the 
shoulder with a roundnose turriing cutter bit positioned as 
shown in figure 43. Engage the crossfeed and allow the bit 
to face fee shoulder, inoving outward from-theia^ds. 

(b) Squared shoulder finish, >p fin?sh.a'iquare , shoulder, set 
• the compound rest parallel to the ways of the Uthe, and use 
a facing cutter bit to cut out the fillet left in the corner by 
the roughing bit. Using longitudinal feed, finish the small 
diameter up to the finished size of the shoulder. Lock the 
carriage and use the compound regt to feed the bit the 
additional amount necessary to finish the workpiece to-the 
•proper length." Engage the crossfeed to carry the bit away 
from the small diameter and face the shoulder. 



th« ~ A '^^^^S the -procedure of cutting a piece of stock in two on 

^he lathe. A parting cutter bit (fig 8) is used for this operation and must be carefully 

fhoTd be° ^Tf""'' '^''"'""^ °" prevent binding.' Getting oils ' 

due to the larL t";"* *° greater heat 

aue to the large cutting surface* 



parted in 



Mytinpi workpiece, for parting . It is best fo mount a v^o^kpiece to be 
1 a chuck although parting can be accomplished between center s.if the piece 
STn eacVT"f tH ^ chuck-mounted. Steady rests or follower rests sho^d be et 
up on each side of the parting .cutter bitifthe piece is between centers. For success- 
ful parting, the lathe spindle bearings must fit snugly and the cross slide and com- 
pound rest gibs should be taken up fairly tight to avoid lost motion. 
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.c. Position o£ parting cutter bit. .The parting cutter bit should be positioned 
perpendicular to the axis of the workpiece with its cutting edge centered on the 
horizontal^ center line of the piece as in facing (fig 4l)« 

d. Parting operation. The cutting speed for parting should be comparable 
to turning speeds, and the feed should be sufficient to keep a thin chip coming from 
the workpiece continuously. A power feed of approximately 0.002 inch per revolution 
may be used although it is sometimes advisable to feed by hand, thereby retaining 
control of the cutter bit in cas,© of emergency. If too much pressure is applied oh the 
crossfeed, the bit Will gouge; if insufficient pressure is applied, the bit will chatter. . 
When parting a workpiece mounted between centers, do not cut through completely 
with the parting cutter bit, but leave a small amount of stock and finish cutting with 
a. hacksaw or chisel. If the workpiece is supported between centers and the bit is 
permitted to cut too far, the piece will bend and squeeze the bit, probably breaking 
the bit and damaging the piece. Except for^the parting of past iron and brass, a 
suitable cutting oil should be used. 

Zl. TAPER TURNING. . ' ^ • 

a. General . Taper turning is the process of machining a workpiece to a 
diameter which increases uniformly, thus forming a section ot a'cone. Tapers can 
be either external or internal; if a bar has a tapered outside diameter, it has an 
external taper; if the walls of a hole are tapered, the piece has an internal taper. 
External tapers can be turned on a lathe by setting over the tailstock spindle, by 
setting an angle on the compound rest, or by using a taper attachment if the lathe is 
so equipped. The method used depends on the length of taper, the angle of tapers, 
and the number of pieces to be machined. 

b. Characteristics of tapers* 

(1) The usual method of" expressing the taper of a workpiece is in 
changes of the Siameter in inches of diameter per foot of length. 
I*or example, if a piece of metal I'foot long is 3^ inches in 
diameter at one end and 1 inch in diameter at the other end, the . 
taper is said to be 2 inches per foot. 

(2) To determine the t.-p.f. (taper in inches per foot) of a workpiece, 
use the following formula; 



t.p.f. = — r — 



where, t.p.f. = taper (in in. per ft); 

$7 ' 

diameter (in in. ) of workpiece at large end; 

^2 ^ diameter (in in. ) of workpiece at small end; 

L = length of taper^In ft. ) measured along 

^ centerline of workpiece. 

For exa^mple a workpiece 3 feet long which is 4 inches in diameter 

at one end and 2 inches in diameter at the other end has a taper 

calculated as follows: ^ ^ 

1 2 4^2 ^ ' ^ . 

t.p.f. s — — .= — J— = 2/3 inch per foot. 

4 
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(3) Another 'means of expressing the taper is to specify the included 
angle between the sides of the workpiece {not the angle between 
a side and the centerline). The formula fqr calculating one-half 
of the angle is as foUpws: 

^ ^ • t« p« f, 

tangent CC = 

where, Qf s one-half of included angle between sides;. 

^ t.p.f, = taper (in inches per foot). 

For example, a workpiece with a taper of 2/3 inch per foot has 
an included angle c3.lculated as follows: 

^ ' ^ t.p.f. 2/3 2^ 
tangent 0:=,-^ = — = - = 0.02778 

The angle o: whose tangent is 0,02778 equals 1^35', nearly; 
then, since angle flf is one half of this included angle, the included 
angle is equal to twice angle QC or 3 and 10'. 

(4) Taper turning operations will often be the reproduction of widely 
used tapers such a's the Morse st^dard tapers which are used 
for lathe and drill press spindles by most manufacturers,, the 
Brown and Sharpe tapers which ar^ commonly used for milling 
machine spindles and milling c.utter shanks, and several other 
standard tapers. The Morse taper is approximately 5/8 inch 
per foot and the Br6wn and Sharpe taper is 1/2- inch 'per foot. 
Taper pins used in some assembly work have a taper of 1/4 

)incli per foot. '• - 

Tapemturning with the tailstock setover . ; 

(1) Setting the tailstock out of alinement is a common method for 
turning a taper, This»method is applicable only to comparatively 
slight tapers because the- lathe centers do not have full bearing 
on the workpiece. Cifenter holes are likely to wear out of their 
true positions if the bearing of the lathe centers i^ set over too 
far, causing poor results and damaging the lithe xenters. 

(2) The most difficult operation in taper turning by offsetting the 
tailstock is determining the proper distance t^fef tailstock should ' 
be moved over to achieve the desired taperJ'Two factors affect 
the amount o'f tailstock setover; the tapetf" per foot desired and 
the length of the workpiece. If the setover renlains constant, , 
pieces of different lengths will be machined with different tapers 
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TAPER TURNING OPERATION WITH 
-^TAILSTOCK SET OVER 



Figure 44, Taper turning with tailstock setover, 

(a) The formula for calculating the correct setover for a given 
taper is as follows: 

" ^ t.p.f> 

^ ■ setover = — ^ — x L 7 

where, setover = setover (in in*); 

t.p.f. = taper (in in. per ft* )? 

. L = length oftaper (in ft. ) measured along center 
of w^orkpiece. 

For example, the amount of setover required to machine a 
bar 42 inches (5. 5 ft. ) long with a taper of 1/2 inch per foot 
IS calculated as, follows: 



t.p.f. 

setover = — r ' " ' x L, 



^x 3.5 = 0.875 inch. 

^ 4 



Therefore, the .tailstock should be set forward 0.875 inch.- 

(b) The formula for calculating the correct setover when 

diameters for each end of the workpiece are given instead 
of'the taper'is as follows: » * 

°1~°2 h 
setover = x — 
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wKere, setover = setover (in in^ ); 



Dj = diameter (in in, ) of workpieoe at large end; 
= diameter (in in. ) of workpiece at small end; 
= total length (in ft, ) of workpiece; 
= length of taper (in ft. ) measured along 



. certterline of workpiece. 



For example, the amount of setover required to machine a 
bar 36 inches (3 feet) in length for a distance of 18 inches 
(1. 5 feet) when the diameter at one end is 1-1/Z (l.'SOO) 
inches and 1-3/4 (1.750) inches at the other is calculated as 
follows: 

^1^^2 1.750—1.500 3 0.Z50 3 

setover = — y— x - = - x — ^ ^ ^ 

0. Z50 inch. ' \ " 

Therefore, the tailstock ^should be set forward 0.Z50 inch. ^ 

(3 ) ' Another important consideration in calculating the setove'r is 
the dis*tance that the lathe centers enter the workpiece. The 
length of the workpiece (L^ in formula in £(Z)(b) above) should 
be considered as the distance between the points of the centers " 
for the above computations. Therefore, if the centers enter 
the workj>iece r/8 inch on each end and the leagth of the work- 
• piece is 18 inches, subtract 1/4 inch fro^ ih inches, and com- 
pute the setover of the tailstock using 17-3/4 iriches as the 
length (L2). . 

(4) To S6t the tailstocR over, loosen the forward adjusting scrlew 
- oa the tailstock cricket and tighten tlie rear adjusting screw. 

Move'tHe tailstock centej^ to the-headstock center (fig 33) so 
that the distance of offset can be measured by a rule placed 
between the centers. Normallyi the tailstock is set forward 
(fig -44) of its alinement position which 'results in a taper with 
the small diameter at the tailstock end of the workpiece* If the 
small diameter is desired at the headstbck end of the workpiece, 
^et the tailstock re^^ar^^f its alinement position. 

(5) To cut the taper « start the rough turning at the end which will 
be the smalt dian^eter and feed longitudinally toward the large ^ 
end (fig 44). If the tailstock is set oyer to the) front, the feed 
will be from right to left; and the cuttei* bit, a right-liand turning 
cutter bit or a roundnose turning cutter bit, should have its 
cutting edge exactly at the horizontal centerline of the workpiece, 
not above .center as with straight turning. 

Taper turning^ with compound rest . 

(1) One of the three commonly used methods for turning tapers on 

a lathe id by use of the con)p6und reat* This method is especially 
^suitable for turning 9r boring short, ste^ tapers, or bevels and 
^ is generally unsuitable for turning tapers greater than Z to 3 inches 
in length because of the limited movement of the compoiind rest 
slide on most Uthes* . • 
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(2) To machine a taper by this metho^, the compound rest is 

swiveled and locked at an angle which is one -half the included 
angle {b(3) above) of the taper, or the angle (angle cc in formula 
' iit b(3) above) formed between one side of the taper and the axis* 
The cutter bit is. then fed by turning the compound rest feed 
handle to move the tool along the axis' of the compound rest. 

{ 3 ) The_^gle,j;Ohe_j:^pj5rjaca«atJ3i^^ 



If the taper is given in taper inches per foot, the ^gle will have 
to yS computed (b(3) above)/ 'This 'angle' wi'll'theif'l&ve't^^^ 
divided by two because only one-half of the angle must be set 
on the compound rest. 

(4) """^ The cutter bit should be set exactly on center for height. Turn 
the compound rest handle to move the compound rest near its 

j^^.^^^^^ right rear limit of travel to assure sufficient traverse of the 

compound rest slide to complete the taper. Bring the bit )ip to 
t^e workpiece by traversing and crossfeeding the' carriage. 
Lock the carriage to the lathe bed when. the bit is in position. 
Cut from right to 'left, adjusting the depth of feed for each cut by 
moving the crossfeed handle. Fjeed the bit by hand, using the 
compound rest feed handle. Houghing and finishing cuts should 
Se consistent with the practice prescribed for straight turning. 
• N 

Taper turning with a taper attachment ^ » • 

(1) The thiTd method in general use for tapers turning in the lathe 
is by means of a taper attachment^ (fig 45)« ^Some engine lathes 
are equipped with a taper attachment as stanq9.rd equipment, and 
most lathe manufacturers have a taper attachment available* 
Taper turning with a taper cFttachment, although generally 
limited to a taper of 3 inches per foot and to a set length of 12 

to 24 inches, affor^p^he^o's^ accurate means for turning or 
boring tapers. The taper can be set directly on taper 
attachment in inches per foot and on some attachments the 'taper 
can be set in degrees as well. 

(2) A typical taper attachment for the lathe is illustrated in figure 
45. Before using the taper attachment, the crossfeed screw 
must be disconnected by removing the crOssf^d screw bolt. 

A bed bracket attaches to the- lathe, bed^^xut^^ps the angle plate 
from moving to thjjj.left or right. The carriage bracket moves 
along the underside o£ the angle plate in a dovetail and keeps 
the angle plate from moving in or out on the bed bracket. The 
taper to be cut is set by placing the guide bar, which' clamps 
to thd angle plate, at an angle to the ways of^the lathe bed. 
Graduations, on one or^both ends of the guide bar permit this 
adjustment without measurement being necessary. A sliding 
» block which rides on a dovetail on the upper surface oi the guide 
bar is s6curedr during operation^ to the cross slide bar of the 
carriage, the crossfeed screw of the carriage being disconnected. 
Therefore, as the carriage is traversed during the feeding . 
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operation^ the cross slide bar follows the guide bari moving at 
the* predetertDined angle froRi the ways of the bed to Cut the taper. 
It is not necessary to remove the, taper attachment when straight 
turning is desired; the guide bar can be set parallel to the ways, 

^TLjthe^am p hiLruUe^a0_b.e--t^^^ 

to move without affecting the cross s^lide bar/ and the crossfeed 
screw can be reengaged to permit power crossfeed and control 
of the cross slide from the apron of the carnage. 



The taper attachment gives very accurate results when the work- 
piece is mounted between centers because the lathe centers have 
full bearing on the piece throughout the operation. 




I'.tDiNC 
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Figure 45. 'Typical lathe taper attachment. 



A telescopic taper attachment which is similar to the plain 
attachment ({2) above), except that it is equipped with a telescqpic 
crossfeed screw that eliminateis the necessity of disconnecting 
the crossfeed screw, is sometimes used. To use the telescopic 
attachment, first set the cutting bit for the reqmred diameter 
of theVork and engage the attachment by tightening the binding 
screws. To change back to plain turning, it is necessary only 
to loosen the binding- screws. 

When cutting a'taper using the taper attachment, the feed of tiie 
cut should be from the intended small diameter toward the in- 
tended large diaitieter. Cutting in this manner, the depth of cut 
is greater at the start of each cut and therefore can be better 
controlled to prevent damage to the cutter bit, wo;rkpiece^- and 
lathe by forcing to6 deep a cut, ..... ~ . 
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Checking tapers for accuracy . 



(1) While the taper is being turned, it is good practice to stop the 
lathe -after complete traverses of the cutter bit and measure the 
diameters at ea.ch end to determine that the taper is being cut to 
the required dimen;5ioas. An error in calculation must be dis- 
covered early because it may be too late for corVection when the 
workpiece is completely roug h tur ned* Also, lay\ straightedge 

"~ along one side of the taper to assure that the taper is uniform. 
Lack of uniformity can be caused by the presence of ^cklash 
in a taper attachment on byplay in the compound rest if the 
compound rest method is being used. 

(2) After the taper is completed, it should b^tested inlt taper plug 
gage or taper socket gage. If no gage is available, the taper 
should be tested in the hole it is to fit*. To test the taper with a 
gage, mark the piece to be tested with chalk or Prussian blue 
pigment, insert it snugly into the gage, apd turn it through one 
whole revolution. If the marks on the workpiece have been 
rubbed evenly, the taper is correct; if they have been rubbed 
off at only one end, the fit is inaccurate and the taper has been 
cut incorrectly. To test an interna'? taper, the procedure is 
identical except theSage should be. marked instead of the work- 
piece. 



28. SCREW THREAD CUTTING. 



a. General, A' screw th.read is a helical projection of uniform section on 
the internal or external surface of a cylinder or cone. Threads ma^^be formed on 
the lathe by use of taps and dies or by cutting them with the thread cutting mechanisms 
of the lathe. Cutting screw threads is among the most coipmon of lathe operations. 
Before attempting such operations, however, 'the operator should have some, 
fa^miliarity with the fundamental principles of threads and the types generally in use. 

k- gcrew thread terminology (fig 46). The comiDon terms and definitions 
below are used in calculating screw threads and will be used in discussing threads 
and thread cutting. 



(1) External or male thread. 
or cone. 



A thread on the outside of a cylinder 



(2) Internal or female thread . A thread ^on the inside of a holloNv 
cylinder or bore. 

'^^^ distance from a given point on one thread to a similar 
point x)n a thread ne5ct to it, measured parallel to the aods of the 
cylinder. The pitch in inches is equal to one divided by the 
number of threads per inch. 

(4) . Lead . The distance a screw thread advances axiatly in o:ie 
complete revolution. On a single-thread screw, the lead is 
equal to the pitch {(3) above). On a double-thread screw the lead 
is equal to twice the pitch, and on a,triple-thread screw, the 
. lead is equal to three times the pitch, 
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Figure 46. -Terms applied to screw threads. 

Crest (also called "£lat") . The top or outer surface of the thread 
joining the two sides.. 

Root . The bottonr or inner surface joining the sides of two 
adjacent threads. 

Side. The^ side of a thread is the surface which connects the 
crest .and. the root. 

Thread angle. The angle included between the "sidtes of adjacent 
threads, measured^in an axial plane. For most V-threads, the 
angle is fixed. at 60 ' ' 

Depth, The depth of a thread is the distance between the*^ crest 
and root of a thread, measured perpendicular to the axis^ 

. ^4aior diameter . The major dianneter is the largest diameter of 
a screw thread. 

Minor diameter . The irjinor diameter is the smallest diameter 
of a screw thread. 

. Pitch diameter . The pitch diameter is the diameter of an 
. , imaginary cylinder, the surface of which would pass through the 
, threads at such points tor equalize the widths of the threads and 
• spaces cut by thd surface of the cylinder.* 

c. Screw thread forms. The most commonly used screw thread forms are 
discussecTbelow^ Of these threads, the unified scjfew thread and the American 
(National) Standard thread are the most widely required for locking devices. The 
Acme, square, and 29 worm threads are most common for devices which function 
to transmit motion'. 



(5) 
(6) 

--^ 
(8) 

(9) 
(10) 
(11) 
(12) 
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Unified screw thread (fig. 47)« • The unified screw thread is the 
newest of standard thread forms^ being acceptable for inter- 
changeable parts by the United ^States* Great Britain, and Canada* 

The unified thread is a variation of the American (National) 

. * o 

Standard thread 'forxDi having an included thread angle of 60 . 

On external threads of the unified forxn« the root is rounded and 

the crest is optionally rounded or left flat; in the United -State s» 

the flat crest is preferred. The internal thread of the unified 

form IS like the American (National) thread form but is not cut 

as deepi leaving a crest of one -fourth the pitch instead of one- 

eighth the pitch. The' pitches, basic dimensions, and tolerances 

for sizes 1/4 inch and larger are basically the same for the 

unified and American (National) thread forms. The coarse 

thread series- of the unified system is designated UNC and the 

fine thread series UNF. ' <if\ ' . 

American (Nationaf) Standard thread (ftg 47), 

(a) The American (National) Standard thread form is the most 

commonly used thread form in the United States* It is a 

o 

modification of the 60 sharp V-thread, having its crest-- 
and root flattened, the flats produced being equal to one- 
eighth the pitch of the screw. This form has a locking 

capacity similar to the old sharp V-thread but will st<£nd 

* 

greater abuse without damage, having no sharp angles. 

(b) The American National Standard thread form is used in 
five series of pitches as follows: 

National Fine (NF) (formerly the SAE Standard screw 

thread). 
National 8 -Pitch. 
National 1 2 -Pitch » 
National 16 -Pitch. 

National Coarse (NC) (formerly the USS screw thread). 

In the coarse and fine series, the number of threads per 
^nch decreases as the diameters increase. These series 
are intended for general use. Eight-pitch is used for boltSj 
cylinder head studs, higl^-pr'essure pipe flanges, and so on. 
Twelve-pitcli is^sed in modern machine and boiler con- 
struction for thin nuts,> shafts, and sleeves. Sixteen-pitch 
is intended for adjusting pollars, bearing retaining nutr, or 
- any part requiring a fine thread. 

SAE extra fine threads . The SAE Extra Fine Thread Series 
has many more threads per inch for given diameters than any 
series of the American (National) Standard {(2) above). The 
ftrrm of thread' is the same as the American (National)- Standard* 
These smal^threads are used- in thin metal where the length of 
thread engagement is small, in cases \xher.e close adjustment it 
required, and where vibration is gte^t. It is designated EF 
(Extra Fine). ' ' ' 
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D=DEPTH= 0.54127 X PITCH 
C=CRES7=PITCH^4 
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UNIFIED SCREW THREAD 
(INTERNAL THREAD) - 



ROUNDED OR 
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D = DEPTH = 0.61344 X PITCH 
C- CREST = PITCH -r 8 



ROUNDED 
ROOT CONTOUR 
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D = DEPTH= 0.64952,X PITCH 
C= CREST = PITCH -r 8 . 



AMERICAN NATIONAL. STANDARD THREAD 



FOR ABOVE THREAD FORMS, P= PI T.CH^te THREADS PER INCH, AND 
R=R00T=PITCH-f8 ^ _ 256509 



Figure 47. General form dimensions for unified and American (National) 
Standard screw threads. 
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(4) Acme screw thread (fig 48)* The Acme screw thread form is 
classified as a power-transmitting type of thread. This isi)e- 
cause the 29 included thread angle at which its sides are 
established reduces the amount of friction when matching parts 
are under load. Because the root and crest are wide, th'is thread 
form is strong and capable of carrying a heavy load. The Acme 
thread form is especially suitable for lathe lead screws apd 

* similar power transmitting uses. 

(5) Twenty*nine'>degree w^in screw thread (fig 48)^ The Z9° worm 

screw thread and the Acme thread are similar in that they both 

o 

have an included thread single of Z9 . However, these thread 
forms should not be confused since they are different in depth 
of thread and width of crest and root. * 

(6) Square screw thread (fig ^S)r Because of their design and 
strength, square screw threads are used for vise screws, jack 
sqrews, and other devices where maximum transmission of 
power is needed. All surfaces of the square thread are square 
with each other and the sides are perpendicular to the center 
axis of the threaded part. Be,cause the contact areas are 
relatively small and do not wedge, friction between matching 
threads is reduced to a minimum under heavy pressure. - 

Thread fit and designations . 

(1) Thread fit . 

(a) The Unified and American (National) Standard thread fgrms 
designate classifications for fit to insure that mated threaded 
parts fit to the tolerances specified. 

(b) The Unified screw thread form specifies several classes of 
threads which are classes lA, 2A, and 3A for screws or 

' external threaded parts, and IB, 2B, and 3B for nuts or 
internal threaded parts. Classes lA and IB are for a loose 
fit where quick assembly and rapid production are important 
and.shake or play is not< objectionable » Classes ZA and ZB 
provide a small amount of play to prevent galling and seizure 
in assembly and use, and siifficient clearance for some 
plating; classes ZA and ZB are recommended for standard 
practice in making commercial screws, bolts, and nuts. 
Classes 3A and 3B have no allowance and 75 percent of the 
tolerance of classes ZA and ZB. A screw and nut in this 
class may vary from a fit having no play to one with a small 
amount of play. Only high grade products are held to class 
3 specifications. ' 

(c) Four distinct classes of so«w thread fits between mating 
threads (as between bolt and nut) have been designated for 
.the Americai^(National) Standard screw thread form. Fit 
is defined as "the relation between two .mating parts with 
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reference to^ease o£ assembly. " These four fits are pro- 
duced by the application of tolerances which are listed in 
the standards. The four fits 4re described as follows i 

i* Class I fit ." This ht is" raconirflended only for screw ~ 
thread work where clearance between mating part^ is 
essential for rapid assembly and where shake or play 
is not objectionable. ' 




D=DSPTH»i/2 PITCH +0-.01 INCH 
C=CREST= O.OSrffO? X PITCH 
««ROOT= CREST- 0.0052 INCH 
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D=DEPTH= 0,6866 X PITCH 
'C=CR£3T= 0.355 X PITCH 
f?=ROOT=. 0.310 X FITCH 



?,9-DES WORM SCHEW THREAD {SROIVM AMD 3HARPE) 

' rOR ABOVE THREAD FORMS. P = PITCH= I -f THREADS PER IMCH' 

(<A 90 2565\0 

fagu;-9 ^8. General form dimensions for Acme, square, "^nd 29° 'vorm 
screw :h<read forms, - 
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2, Class 2 fit i This fit* represents a high quality of com- 
mercial thread product and is recommended for the 
great bulk of interchangeable screw thread work. 

3^, (^lass 3 fit . This fit represents .an exceptionally high 
quality of commercially threaded product and is recom- 
mended only in cases where the high cost of precision 
tools and continual checking are warranted. 

' - -~ ■ ■ ' - ~ ^ ' p ' » — 

4. Class 4 fit . This fit i-s intended to meet .v^ry unusual 
^ requirements more exacting than those for which class 

3.is-intended. It is a selective fit if initial assembly 
by hand is required. It is not, as yet, adaptable to 
quantity production. , 

(2) Thread designations . In general, screw thread designations 
give the screw number (or diameter) first, then the initlaL^i^ 
letters of the series, NC (National Coarse), UNF (Unified Fine), 
NS (National Special), etc. , followed by the class of fit. If a 
.thread is left hand, the letters L. H, follow the fit. Examples 
of designations are as follows: 

(a) No. 10 (0. 190)-24NC-3 — This is a number 10 (0. igO-in. ' 
dia) thread, 24 National Coarse threads per inch, and a 
class 3 fit. 

(b) 1/4-28UNF-2A L. H, —This is a 1/4-inch diameter thread, 
28 Unified Fine threads per inch, left-hand thread, and a 
class" 2A fit, 

(c) 0.205-26NS-2*— .This is a 0.205-inch diameter^ 26 National 
Special threads per inch,^jand a class 2 fit. 

Thread cutter bits and cutters . 

(1) It should be noted that these tools as mentioned are intended for 

o 

^ cutting sharp V-threads with a 60 thread angle. For cutting 
threads to the Unified or American (National) Standard forms, 
it IS necessary to grind the point of the cutter bit to the shape 
of the thread root. In the case of the American (National) 
Standa'l'd thread, a flat ^should be carefully ground at the point 
of the bit, perpendicular to the center line of the 60 ^thread 
angle. For the Unified thread, the end of the bit should be 
ground with the required radius for external threads or the re- 
quired flat for internal threads. In both cases, the tool should 
be ground to the angle specified by the pitch of the thread. 

' o 

(2) For Acme and 29 wormscrew threads, the cutter bit miist be 

O' 

ground to form a point angle of 29 . Side clearances must be 
sufficient to prevent rubbing on threads of steep pitch. The end 
of the bit is then ground to a flat which agrees with the width^of 
the root for the specific pitch being cut. Threajdrcutting tool 
gages {lif^ 49)r^e available to simplify the procedure and make 
computations unnecessary. 
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To cut square threads, a special thread cutter bit is required. 



(a) Before the square thread'cutter bit can be g-round it is , 

* _ necess ary to c'o'mpute t he helix angle _oUhe_thread toj^e cut 
(fig 50), Compute the helix angle by drawing a line equal 
in leng"th to the_thread circurnferertce at it-s minor diameter 
(this is accomplished by multiplying the minor diarmeter by 
3.^1416 (pi)). Next.draw a line perpendicular to and at one 
end'of the first, line, equal in length to the lead '^f >he thread. 
If the screw is to have a single thread, the lead w;tl be equal 
to tlie pitch (b(3) above), Connect the ends of the-angle so 
formed to obtain the helix angle. 

(b) The tool bit should be ground to the helix angle (fig 50) and 
the clearance angles for the aides should be within the helix 
angle. Note that the sides are also ground in toward the 
shank to provide additional'clearance, 
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Figure 49. Thread cutting tool gages. 

(c) Th$ end of the tool (fig 50) should be ground flat, the flat 
being equal^to one-half the pitch of the thread to produce 
equal flats and spaces on t^.e threaded part. 

Position of thread cutter bit for use . 

(!-)- -T^^he^ thread cutter bit must be placed exactly on line horizontally 
with the axis of the workpiece. This is especially important'for 
thread cutter bits since a slight variation in the vertical position 
— of the bit will change the thrjead angle being cut. 
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AT MINOR DIAMETER " 
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Figure SC, Thread cutter bit for square threads. 



(2) The thread cutter bit must be positioned so that the centerUne 
of the thread angle ground on the bit is exactly perpendicular to 
the axis of the workpiece. The easiest way to make this aline- 
ment is by use of a center gage (fig 49)» The center gage will 
permit checking the point angle at the same time as the alinement 
being effected. The center gage is placed against the workpiece, 
and the cutter bit is adjusted on the toolpost so tnat its point fits 
snugly in the 60 angle notch of the center gage (fig 51). 

): ^ 

Setting lathe thread cutting mechanism for proper feed . 

, General . In cutting threads on a lathe, the pitch of the thread or 
number of threads per inch obtained is determined by the speed 
ratio of the headstock spindle and the lead screw which drives 
the carriage. Lathes equipped for thread cutting have gear 
arrangements for varying the speed of the lead screw. Most 
modern lathes have a quickT<^ange gear box for varying the lead 
screw to spind4e ratio, but Jtfany older lathes, modern inexpensive 
lathes; and special types oj^^^^lfKe^ come equipped with standard 
change gears which musir be arranged by computation to achieve 
the desired speed ratrorr / 

Qui'dk-change gear box« iFor lathes equipped with quick-change 
'gear boxes, the operator need only follow the instructions on the 
direction plates of the- lathe to set the proper feed to produce the 
desired number of threa^ds per inch. Once set to a specific 
number of threads per inch, the spindle speed can be varied de- 
pending upon the material being cut and the size of the workpjLece, 
without affe_c ting 'the threads per inch. 



(2) 
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SET AT 29-DEOREE ANGLE 
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CUTTER BIT 



USING CENTER GAGE TO SET CUTTER BIT 
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Figur6 51. Setting up cutter bit for thread cutting operation. 
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Standard«change gears , .JLathes equipped with standard-change 
gears require that the operator be familiar with the methods of 
selecting the proper gears to produce the desired thread pitch 
in case the manufacturer -supplied gear tables are missing. "On 
most lathes with standar4-change gears, the gears may be 
arranged in a simple gear train or in a compound gear train. 

(a) Simple gear train (iig 52). 

i^. The basic gears which control the ratio between spindle 
speed and lead screw speed are the stud gear and the 
lead screw gear. The stud gear mounts to a shaft which 
revolves at the sarpe speed as the spindle and therefore 
can be- considered in this disjcussion as represeriting 
spindle speed lo revolutions per minute. The lead screw 
gear is usually connected directly to the-lead-screw and 
therefore moves at the sa,me speed as the lead screw. 
In a simple gear train, the stud gear and the lead screw 
I are meshed together or coupled by an idler gear. If the 

idler gear is used, it can be 'of any size or number of ' 
teeth conveni'ent for coupling since it only transmits 
motion from one gear to the other and dogs not affect 
the ratio of the stud or lead screw gears. 




SIMPLE GEAR TRAIN " COMPOUND GEAR TRAIN 

RA PO 2565 U 



Figure 52. Simple and compound gear trains. 

2. The threads per inch of the. lead screw must be known 
: to compute the gearing for a specific ratio. The rule 

for determining the number of teeth of the stud gear and 
lead screw gear for a simple gear tram is as follows: 
Multiply the number of threads per inch of the lead 
screw and the numbeir-of~threads to be cut byr^ common 
number. The products will be the number of teeth that 
the stud gear and the lead screw gear should have re- 
spectively. For example, suppose that a machinist 
wants to cut a screw with 10 threads per inch on a lathe 
having a lead screw with 4 threads per inch. The pro- 
'cedure would be to multiply 10 and 4 by any convenient 
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nuipber, say 6. Then, 6 x 4 = 24 and 6x10 = 60, The 
stud gear should have 24 teeth and the lead screw gear 
should have 60 teeth to produce the desired ratio to cut 
10 threads per inch, If.gears of 24 and 60 teeth are not 
available, multiply 10 and 4 by another number until the 
products coincide with the number of teeth on available 
gears. 

3. Whenever the thread to be cut is finer than the thread 
of the lead screw, the gear with the fewest teeth will be 
the stud gear. If the thread to be cut is coarser than 
the lead screw, the gear with the fewest teeth v^ill be 
the lea'd screw gear^ 

(b) Compound gear train (fxg 52), 

1. If the proper ratio between spindle and lead screw cannot 
be obtained by simple gearing, a compound gear train 
must be used. For example, if it is desired to cut 80 
threads per inch with a lead screw , having 8 threads per 
inch, and the smallest change-gear available has 24 
teeth, the lead screw gear must have 240 teeth'which 
would be too large in diameter tq(iRt the lathe. By com- ^ 
pounding the gears, it would be possible to cut 80 threads 
per inch with tti^ gears generally available. . 

2^. In the cornpound gear trainj two intermediate gears 
replaece the idler gear of the sitnple gear train. The 
intermediate gears are mounted to tl>e same shaft a»d 
are keyed together. The gear driven by the^^^d^j^a^ 
^ is'known as the first-intermediate gear and tW^^ea?^ 
that drives the lead screw gear is known as the second 
intermediate gear. An idler gear can be used if neces- 
sary in this gear train, but will reverse the direction of 
the lead screw gear, and make reversal of the studi^gear- 
to-$pindle connection necessary, 

3. To compute compound gear arrangements, the following 
rule should be applied: Establisn the ratio between the 
number of threads per inch to be cut and the number of 
threads per inch of the lead screw. Factor each teirm 
of the ratio, that is, determine two numbers for each 
term which, when multiplied by ea,ch other, result in 
the niSmber of the ratio term/ The resulting four 
numbers when each are cm ulti plied by a convenient 
number will be the number of teeth in the four gears, 
the stud gear and second intermediate gear representing 
the smaller term, and the first intermediate gear and 
lead $crew gear representing the larger term o»>tho 
ratio. For example, to cut 80 threaus per men with a 
lathe having a lead screw of 8 threads per inch, th>^ 
ratio would be 8 to 80 (8 units to 80 units). Factoring , 
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, eath^eri^l-S-w-Z x4 (factors), and 80 = a x 10 (factors)r- 

Then n:>ulti plying. 2, 4, 8, and 10 each by a conveAi'ent 
number, say 12, the result is the ratio, 24 x 48:96 x 
* • ' 120. The gearing -then mus^t be:. 

Stud gear - ^24 teeth. 
First intermediate geVKf - 96 teeth,- . 
Second intermediate gear - 48 teeth. 
' Lead screw gear - 120 teeth. 

(4) ' Engaging the feed. The carriage. is' connected to the lead screw * 
of the lathe for tK^eading operations by engaging the half nut or^ 
the' carriage apron with the lead sc^-ew. A control is available 
to reverse the direction of the lead ^crew, and it should be 
determined that the screw turns in the desired direction, for left- 
or right-hand threading as desired. Feed the cutter bit from 
" right to left to produce a right-hand thread. Fe^d the cutter bit 
• from left to right to produce a left-hand thread. 

Direction of feed. 

o 

(1) Foe standard 60 threads of the sharp V-type, the American 
(National) Standard form, and the Ifnified forrh the cutter bit 
should be moved iri at an angle of 29' (fig 51) so that the left 
side of the bit does most of the cutting and a free curlir^ chip 
may result. ^ The direcjtion is controlled by setting the compound 
rest at the 29\ angl^ before adjusting the cutter bit perpendicular 
to the workplace axis. The depth of cut is then controlled by the 
compound rest feedhdndle. . 

(2) For Acme, 2i©°'worm, 'and^^square threads, the cutter bit is fed 
into the workpiece at an angle perpendicular to the workpiece 
axis. 

Threading Cutting operation . 

' ' * ^ %- . ' 

(1) Before cutting threads, turn d<><f/n the wotkpiec^ to the major 

diameter of the thread to b^.cut. The workpiece may be^ set-up 
in a^qhuck or between.ceriters./ If a long thread is to be 'cut, it 
; is advisable to use a center r6st*because thread cutting can place 

a great strain on the'^workpiece. ' - 

(2^) The-usiial'pra;ctirce irn cutting threads is' to talg;e ar very light ^ 

initial cut and then check to see that;^he lathee has been geared 
correctly fox; the right number of threads per inch.- If it is^ 
correctly geared, continue taking cuts until the thread r:feac.hes 
the depth wanted; m th^ case of Unifiecf and American (National) 
Standard threads, this is determined by measuring the crest of 
the thread and in the case of sharp, V-threads, wWeo the thread 
becomes pointed., » , ^ ^ '. * | 

(3) After each pass of the cutter 'bit, the operator jrmst move the 
bit out of engagement with the threa4 being cut, and tr^ve'rse * 
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' tRe'caVfJage and bit back to the beginning of th^ thread. At the 
end of each cut, the half nuts are usually disconnected and the 
carriage returned to position of the next cut by hand. Some de- 
vice must be provided, therefore, to eng%4p€^he half nuts for the 
following cut-at a point On the lead screw which will cause the 
cutter bit to follow the previous cut. If such a device is not 
available, it is necessary~to leave th^ half nuts engaged at the 
end of the cut and return the cutter bit by reversing the feed. 

(4) The usual device for accomplishing correct alinement of the 

cutter bit after the half nuts have been disengag^ed is the thread 
chasing dial (fig 53). This device is supplied as standard or 
optional equipment on all screw cutting- lathe-s. It consists of 
a worm wheel which meshes with the lead screw, a dial, and 
a short shaft connecting the worm wheel to the dial, it is usually 
mounted to the right side of the car-'riage apron. The dial is - 
calibrated with four numbered lines and four unnumbered lines 
between them. To use the thread chasing dial, engage the half 
nuts when the dial is alined for the particular number of threads 
per inch being cut. If the number of threads per inch is an even 
number, the half nuts can be- reengaged for following cuts when 
any line on the dial is opposite the index. When cutting odd 
numbered threads, the half nuts can be reengaged where any 
4 numbered line is opposite the index. To cut all threads having 

a half a thread per inch (such as 11-1/2 threads per in. )T the 
half nuts can be reengaged when any odd numbered line is 
opposite the index. 




Figure 53. Thread chasing dial. 
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(5) Some lathes are equipped wi^ a thread chasing stop bolted to 
the carnage which can be set to regulate the depth ol cut for 
each traverse of the cutter bit or cain be set to regulate the 

^ total depth of cut of^the thread, 

(6) When the thread is cut, the end must be finished in some'way. 
The most common means of finishing the end is with a specially 

, ground or 43 angle chamfer cutting bit (fig 34), To produce 

a rounded end, a cutter bit with the desired shape -should be 
specially ground for that purpose. 

JL- Taper screw threads . Taper screw threads or pipe threads can be cut 
on the lathe by setting the tailstock over or by using a taper attachment. For the 
National Taper Pipe thread foVm, the taper is. 3/4-inch per foot. Check the thread 
cutter bit carefully for clearances before cutting since the bit will not be entering the 
workpiece at right angles to the tapered workpiece surface. 

Note . —In cutting a taper thread, the cutter bit should be set at right angles to 
the axis of the workpiece. Do not set the thread cutter bit at right-^ngles to the 
taper of the thread. 
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Figure 54. - Two methods of finishing endg of threads; 
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Thread measurement , , » , ' 

(14 The pitch of the threaded part must often b.e measured with close 
* accuracy. A machmistls steel rule or a screw pitch gage is conr 
venient for determining the pitch-of-aiiy thread»==«=Wilen;=me3^a^^ng-- 
with a machinist's steel rule (fig 55), do not count the thread at 
the enji of the rule. Count the number of threads in 1 inch, or if 
a thread 4oes not coincide with the inch mark, count the number 
of threads in 2 inches and divide by Z to determine the threads 
per inch. When using the screw pitch gage (fig 55), select a 
gage that fits the threads to be measured exactly. The pitch or 
thread" per inch can be read directly from the gage^ 

(2) The measurement of thread angles and pitch diameters is some- 
what more involved but equally neces sary if accurate fits are to 
be obtained. The simplest way to check the accuracy of a screw 
thread is to try it in the part which it is to fit. " If this is im- 
practical, a plug threc.d gage or, a rin^ thread gage, if available, 

* • can be used to test the internally or'^xternally threaded par.t. 
The ring or plug gage must be accurately machined arid should 
be of the exact requirements of the pa^t being tested in diameter, 
threads per inch, and class of fit. 



MACHI»5lST'5 STEEL RULE 





SCREW PITCH GAGE 
RA PO 254517 



Figure 55. 'Two methods of measuring pitch of a screw. 



• > 

Accurate measurement of the pitch diameter of an externally 
- threSided piece is achieved by measuring the thread with a 
" thread micrometer caliper if available, or by the three-wire 
method (fig 56) which ^employs an outside miclrom^ter caliper. 
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Figure 56. Measuring threads by the three -wire method, 
(a) Measuring with tlrread micrometer caliper . 

K The thread micrometer caliper is made with the 

- spindle pointed and the anvil notched so as to bear on 
the sidewalls of the thread. The point on the spindle 
IS blunt to prevent interference with the root of the 
thread groove, and this bluntness Irnnits tfie micrometer 
caliper to a specific range of thread sizes. Thread 
, micrometer calipers arfe therefore manufactured in' 
different size ranges, such as 1 inch: 8 to 13 threads, 
14 to 20- threads, 22 to 30 threads; 2 inches: 14 to 20 
threads, 22 to 30 threads, etc. 



2_, The thread micrometer caliper measures the pitch 
diameter of the thread by subtracting the single depth 
of the thread from its outside diameter. To use the 
thread micrometer caliper, first select the proper size 
micrometer caliper for the thread to be measured, look 
up in a table the correct pitch diameter for the screw, 
and lastly take a reading with the micrometer caliper.. 

(b) Measuring by the three -wire method (fig 56)'. 

ri? The three-wire method of measuring threads is con- 
sidered the best method for extremely accurate 
measurement of pitch diameter. Three wires of the 
- same diameter are placed into the thread groove and 
the 'outside micrometer caliper is used to measure over 
ther wires. The pitch diameter is dete.rmined by sub- 
tracting the amount of wire projection above, the pitch 
diameter from the micrometer caliper reading, v 
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2. ^ This method is dependent upon using the best wire size 

for measuringr The best wire is the size which touches 
the sides of the thread at the center of their slope\ in 
other words, at the pitch diameter. A formula by which 
the proper wire size may be determined if the pitch for 'i 
a particular thread is not included is as follows: 

0.57735 

^w^ — 

where, D = diameter -of wire (in inches) 
N = threaS^s per inch. 

For example, if 8 threads per inch have been cut, then, 

= ^^12211 . 0.11235 =0.072 inch, :s correct " 
^ , ^ diameter of wire to 

' • ' use. 

3. The wire to be used should be hardened and lapped 
steel wire, preferably within 0. 0002 inch tolerance. 

4. To find the correct micrometer caliper measurement 
for a- screw size, use the following formula: 

i. 5155 

* M = D + aD — rr- 

. m ' w N \ 

where, M = Measurement acros s wires (in inches). 

D^j^ = Major diameter (in inches) of screw. 
N = Threads per inch. ' 

For fexample, a 1/2-inch, 12-pitch thread (using a.wire 
0. 04811 in. in diameter) has a measurement across 
wires calculated as follows: 



. ^ * 1. 5155 
M = D + 3D — — 

m ' w Is 



= 0. 500 + 3(0. 04811)— ^-=-77^ = 0. 51S03 inch. 

0. 51803 inch is thfe correct micrometer caliper measure- 
ment for the screw size. 



29. KNURLING. 



a,- General . .Knutling.is the process of grooving'the surface ofa s<rorkpiece 
by rVUing*d$pre^siond.intoat. vT'his embossing procedure is done with a knurling tool 
"pressed against" tUe v/orkpie^e as it revolves. Knurling is used to provide a handgrip 
on the workpiece, for decorative appearance, and to enlaxge diameters of work.' 

. b. Setup for kn-urling . A workpi^c^ can be knurled between centers or in 
a chuck, "it is importa-ftt that the piece be we.y^. supported since considerable pressure 
is^irequired to emboss the pattern on some materials. The piece to be knurled is 
mounted between centers in the same manner as for straight turning. 
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c. KnuTling tooU The'knurling tool (fig 10)' supports tw.o knurls ivhich 
revolve independently. The ^knurls may be of the diamond or the straiglit line pattern. 
The diamond psittern, which is more common, generally comes in three pitches: 
14 (coarse), il (medium), and 33 (fine). These patterns are illustrated on figure U. 

' • d. Knurling operation . 

(1) First It is' necessary to locate the limits of- the surface to be 
knurled, that is, the beginning an/i end of the knurled portion. 
Set the knurling tool so that the top knurl is the same distance 
abov^ horizontal centerline of the workpiece as the lower knurl 
is below this centerline. The working faces of the knurls should 
be set parallel to the workpiece surface. 

(2) * Set the lathe to run at the lowest speed of the lathe back gear. 

Adjust the feed selector levers or change gears to' provide a 
feed of approximately one -half the width of the knurl per 
revolution of the workpiece. 

(3) Move the cross slide and carriage^to position the knurling tool 
at theT right end of the portion to be knurled. Start tht lathe and 

^ force 'th^ knurls info the workpiece to a depth of about 1/^)4 inch 
by use of the hand cr^«sfeed control. 

(4) . Check at this point to see that the knurling tool is mounted square 

, to the workpiece. • A perfect diamond pattern should be produced, 
if'the knuVls dp not track properly' and the diamond marking is 
split by one of the knurls, it is an indication that the knurling ^ ~ 
tool IS not square or is mounted above or below center. When 
the tool makes the proper knurl, go over the entire surface. 
The wOrkpiece'and knurls should be well lubricated with cutting 
oil during the knurling operation. ' - ' - 

3oj^ BORING. 

a. General. 

— 7 

(1) Boring^is the enlarging and truing of a hole by removal of 

material from internal surfaces 'with a single-point cutter bit. 
Oji the lathe, boring is accomplished by either of the two methods 
following: 

(a) Mounting the holder and boring tool bar- with cuttej bit^on 
the toolpost and revolv>ag the workpiece. ^ ^ . . 

_ ' , • "^^^v<^^Ji^ \ ' ' \^ 

*C&) Mounting the workpiece^in a fixed position to the carriage^ 
' ' . " and rev.olvirig the boring tool bar and*.c utter- bit in a^chuck 

attached to the headstock spindle. 

- ' (2) Boring .is necessary in many cases to produce acci^rate holes or ^ 

bpres* Drilled holes are seldom straight due to imperfections 
in the material which catise drills to move out of alinement?? 



OS 424, 8-P77 



363 



— Therefore, where accuracy is important, drilled holes are 

usually made undersi-ze and then bored or rearmed- to the propeTr 
dimensions. Boring ds also useful in truing large holes in flat 
material. In this case, the hole is cut undersize with a welding 
torch or handsaw, and is trued to proper dihiensio.n by boring. 

^o.^^ting .workpiece for boring , .The workpiece may be supported in a 
chuc^or fastened to a faceplate for boring operations, depending upon the shape o£ 
the material to be machined. When boring is to be performed on the ends of long 
stock,' the workpiece is mounted in a chuck and a steady rest is used to support the 
right enB near the cutter bit. Some boring operations rec^uire the use of special 
chuck mounted mandrels to hold workpie"ces' that cannot be successfully mounted 
otherwise. 

c_* Boxing- cutter bit setup s 

(1) The cutter bit used for boring is-similar to. that used for exter'nal 
_ turning on the lathe. The bit is usually held in a soft or semisoft 

bar called a boring todl bar« The boring tool bar (fig 15) is 
supported by a cutting toolKolder which fits into the lathe toclpost. 

(2) Boring tool bars are supplied in several types and sizes tor 
halding differem cutter bits. ^ The bit is supported in the boring 

, - tool bar at a 90 , 30 , or 45 angle, depending upon the nature 

of the workpie'^ce b'eing 'bored. Most general boring is accom- 
plished with a 90 cutter bit {tig 15). , The bit is mounted at a 
30 or 45 angle- to the axis of the boring tool bar when it is 
necessary to cut up to the bottom of a hole or finish the side of 
an internal shoulder. Note the relative size of the cutter bit 
and boring tool bar to the workpiece dimensions shown on figure 
5. It is desirable that the boring tool bar be as large as pcij^aible 
without interfering with the v/alls of the hole. The cutter bit 
should not extend far beyond the boring tool jbar and th^r bit 
• should be as short as possible to be gripped securely in the bar 
^et not have the shank end protrude far from the bar.* 

(3) The cutter bits uaed>^or boring are shaped like left-hand turning 
and facing cutte£bits. Greater attention must be giver. to the end 
clearance angle and the back rake angle because of the curvature 
of. the hole. ' . ~~ 

(4) The boring tool bar should be clamped as close to the holder and 
toolpost as possible^ considering the depth of boring to be done. 
The bar will Have a tendency to spring«away from the workpiece 
if the bar overhangs the toolpost too far. M deep boring is to be 
performed, it will be necessary that the bar be as large as 
possible to counteract this sprir^ging tendency. 

d. Strai^t boring operation . 

• ■ ■ ' ^ ^ ^ 

(1) ' The cutter bit is positioned for straight boring operations with 

Its cutting edge contacting the workpiece approximately 5 above 
center (fig 57). jt^e cutting edge faces forward for most 
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operations so that the lathe catTturft injtsjiojcrnsd count er'ctock* 
wise direction. If for^a speoia-l-operation^it Jiecomes ji^ 
•-o j>osition^thre'cufter bit again^tKe rear wall of the hole, a 
^' " right-hand turning cutter bit is us.ed and" the spindle rotation is 
reversed. 

(Z) Position the cutter bit so the cutting edge is immediately to the 
right of the workpiec^ and clears the wall of the hole by about 
* 1/16 inch. Traverse tlie carriage by hand without starr^ing the 
lathe to move the cutter bit and boring tool bar into the hole to 
the depth of the intended boring and out agsiin to ascertain 
whether there is sufficient^clearance to prevent the' back of the 
cutter bit and the boring tool bar frpm rubbing" the mside of the 
hole. When the clearancfe is satisfactory, position the cutter 
brt to the right of the workpiece^ ready for the first cut. 



WCP?KPiECE HELD IN 
CHUCK 



5-OEG 




*A 236519 



Figure 57. Cutter bit position for straight boring. » 

(3) The sa"fne speeds and feeds recommended for straight turning 

should be uspd for straight boring. It is Often advisable to feed 
the cutter-bit into the hole to the desired depth and then reverse 
the feed •and let "the cutter bit move^out of the hole without 
changing the depth of feed. This practice will correct any 
^ irregularities caused by the bit or boring t©ol bar springing 
/ because of the pressrure applied to the bit. 

la^per boring operation . 



(If) Taper boring is accomplished in the s^ame manner as taper 

turning. However, only two of the t^ree rhethods of taper turning 
are applicable — using the compound rest and using a taper attach- 
. • ment. As with taper turning, the compound rest can only be used 
for short, steep tapers ^ince the movement of th^ compound rest 
is limited. * 



L/ 
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(2) ' The clearance of the cutter bit shank and boriag tool bar must 
be determined for the smaller diameter of the tapec AsAvith^ 
turning 'external tapers, it is also necessary to position the 
cutting ejige exactly on the horizontal centerline of the workpiece 
. not 5 above center as with straight boring. 

Internal thread cutting . , 

(1) Internal threads are cut in nuts and castings by the same general 
methods used in external thread cutting. 

(2) * -The internal threading operation will usually follow a boring 

operation, and therefore the same workpiece holder can b€ used 
without disturbing the setup. Only the lathe speed will have to 
be changed to those recommended for external threading. 

(3) ? The clearance of the cutter bit shank and boring tool bar to 

prevent rubbing must be greater for threading than for straight 
boring because of the necessity of moving the bit clear of the 
threads when returning the bit to the right after each cut. 

(4) The compound rest should be set at a 29^ angle to the saddle so 
that the cutter bit will feed after, each cut forward and to the 
left (fig 58). 

WORKPIECE 
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Figure 58. Setup f^r internal threading. 
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31. ECCENTRIC TURNING. 



' a. General, ' EVcerimc itieans off-center and applied to lathe operations, 
.refers tolurning a section of the workpiece which has a different axis than |he main 
b6dy of the piecg. The principle of eccentric turning on the lathe is to set Up the 
piece so that the portion of the workpiece to be turned is axially alined with the head- 
stock and taitstock spindles. 



b. Mounting work for eccentric turning . 

(1) A good example of eccentric turning is the turning' of a crankpin 
on a c^-ankshaft (fig 59). The main journals are on\)ne axis 
while the crankpin is on another axis several inches from the 
main journal axis. The main journals can be machined in the 
^ same manner as bar stock by centering- and drilling the ends of 

the journals and setting the crankshatt in the lathe. To machine 
the crankpin, it is necessary to revolve the^ crankshaft' about the 
crankpin axis. This is accomplished by using adapters (fig 59) 
on the ends of the main journals to permit proper mounting of the 
crankshaft so that the crankpin can be turned."^ 
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Figure 59. Example of eccentric turning. 

'2) If the workpiece cannot be mounted successfully between centers, 
it can be mounted in art indpendent chuck or fastened to a face- 
plate. In either case, it is necessary to true the portion to be 
turned eccentrically and not the major portion of the piece. In 
some c-^ses, it will be necessary to counterbalance the workpiece 
if the oiece is mototed appreciably off balance. 
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£• Eccentric turning operation . Once the workpiece is set up correctly, 
it is turned in the same nnanner prescribed for straight turning. In the example of 
the crankshaft (b{l) above), the cutter bit, cutting toolholder, and compound rest 
must be positioned so that the swinging main journals will not contact any part of the 
lathe or equipment, la th^ particular exannple, two cutter' bits, a left-hand turning 
cutter bit, and a right-hand turning cutter bit would be used for turning the crankpin 
so- that the pin coul'd be turned out to the edges without interfering with the swinging 
main journals, *^ 

32. FILING AND POLISHING. 

a. General. Filin.g and polishing are p€irformed in the lathe- to remove 
toolmarks, reduce the dimension slightly, or improve the finish. 

b. Filing. - 

(1) Mill files are generally considered best for lathe filing. The 
bastard cut mill-type hand file is used for roughing and the 
secondTcut mill-type hand file for the finer class- of work. Other 
types such as the round, half-round, and flat -hand files may 
also be used for finishing irregular shaped workpieces. 

(2) For filing ferrojjs metals, 'the lathe-spindle speed should be 
four or five times greater than the rough turning speed. For 
filing nonferrous meUls, the lathe-spindle speedy should be only 
two or three times greater than the roughing speed. Too slow 

a speed may caus^ the workpiece to be filed out-of-round, while 
too high a speed will cause the file to slide over the workpiece, 
* dulling the file and glazing* the *piece. ^ • * 

(3) The file is held at an angle of about *10*^ to the right <s;id moved 
with a slow motion from left ^to fight so that the teeth will have 

^ a shearing action. The direction of strike and angle should 
^ K never be the opposite, 'as this wilj cause chatter marks oh tKe 
1^ . piece. The file should be passed slowly over the workpiece so 

: - . that the piece will ha-yei^made several revolutions before the 

stroke iS completed, ^ 

(4) THe pressure* exerted on the file with the hands should be less 
than when filing' at the bench. Since there are l^ss teeth in con- 

%v tact with the wOrkpiece, the file must be cleaned frequently to 

avoid scratching* 

(5) Since filing should be used for little more than to remove tool- 
' ^ marks from. the workpiece, only 0,002 to 0.005 inch should be 

' "•left for the filing operation, 

£, ' Polishing , ' ■ 

(1) Polishing with either abrasive x:loth or abrasive paper is de- 
sir<able to improve the surface finish after filing. Emery 
abrasive cloth is best for ferrous metals while abrasive paper 
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often gives better results on honferrous materials. The most 
effective speed for polishing with ordinary abrasives is approxi- 
mately 5,000 fe^et per minute. Since most lathes are not capable 
of a speed this' great, for average size workpieces, it is necessary 
to select as high a speed as conditions will permit. 

(2) In most cases the abrasive <:loth or paper i^ held directly in the 
hand and applied to the workpiece, although it may be tacked^ 
over a piece of wood and used in the same manner as a file. 
Improvised-damps may also be used to polish plain round work. 

(3) Since polishing will slightly reduce the dimensions of the work- 
piece, 0. 00026 to 0. 0005 inch should be allowed for this opera- 
tion. The use of oil with the abrasive will produce a satin finish, 
while dry polishing will leav^ a bright surface. Crocus cloth 
may be used after the abrasive cloth or abrasive paper to pro- 
duce a higher ^luster l3n the surface. 

33. GENEBAL. The special lathe operation^^described in the remainder of the 
lesson are normally performed on machine tools other than the lathe, but can be and 
often are performed on the lathe. These operations include drilUng, reaming, tapping 
and die cutting, and milling. 

34. DBILUNG WITH THE LATHE. 

a. General. ^Drilling is done in the lath,e by either of two methods, by 
revolving the workpiece in the lathe chuck with the twist drill held in the tailstock, 
or hJ^n^^Ki\^^ tbe^ist drill in a chuck in the headstock and supporting the work- . 
piecfc^ith sd>*a£^tachment such as V-center in the tailstock. ' 

Methods of supporting twist drill in the tailstock . 

(1) Straight-shank tWist drills are usually held in a dtill chucjc 
{fig 60) which is placed in the taper socket of the tailstock. 
spindle. Combination drill and countersinks can also be 
supported in this way. ' . 



(2) 



(3) 



Taper -shank' twist drills may be held directly in the tailstock ' 
spindle as long as tKey have a good fit. For this purpose, drill 
sockets or drill sleeves can be used to reduce the taper socket 
in the tailstock spindle to the proper taper and size of the twist 
drill'. 

An expedient method of supporting a large twist drill in the 
tailstock is to fasten a lathe dog (fig 61} to the drill shank 
and support the rear of the drill with the tailstock c){nter in the 
center hole in the tang of the drill. The lathe dog should rest 
against the cross slide or compound rest. The drill must be • 
supported bjr hand until it is held secure by the pressure between 
the tailstock center and the workpiece. When thi^ method is 
used, never withdraw or loosen the tailstock spiniile while th^ 
lathe is in operation. To withdraw the drill, it is n^esskry'to 
stop the lathe completely, . . ^ 
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Figure 60, Drilling workpiece in the lathe. 
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Figure 61. Reaming pn the lathe. 
Methods of supporting drill in headstock . 

(1) Straight-shank twxst drills are supported in the headstock by . 
a drill chuck moUnted in' the. headstock spindle. 

(2) . Taper-shank twist drills can be nnounted in the headstock by 

placing the drill in a drill socket or sleeve which has a 
cylindrical^ outer surface like the spindle of a drilling machine. 
The socket'or sleeve is then fastened in a universal or inde- 
pendent chuck. If the taper shank of the drill is compatible with 
the taper socket in the headstock spindle, the drill can be 
m ounted-^i r e c tly ♦ 
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d. Mounting the workpiece for drilling. 



(1) If the Workpiece to be rotat^H arid the'twist dnLL,is to be, fed " 
into the workpiece with the taiLstpck spindle, the piece noay, be, 
mounted in a universal chuck (fig, 62), - independent chuck, or • 
to ^ faceplate. The center of the Kole to be -drilled, «hould' be. * 
accurately marked and punched as 'described for drilling 
machine setups, 

(2) Before drilling, checlt the centering of the f^chmark by using 

■ a center indicat^c-^The drill will not cut accurately unless the 
punchmark indicating the hole coincides exactly wit^ the axis bf 

■ the headstock spindle, 

(3) If the twist drill is'to be"* rotated'^y the headstock spindle and 
the workpi'^ce is to be supported by a V-center, the piece should 
be carefully positioned by hand and the drill n^oved lightly into 
contact with the piece'before the lathe is started. The piece 
must be well supported during drillirig operations to prevent 

the piece from rotating with the drill. 
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Figure 62,* Dividing head <ff the milling and grinding lathe attachment 
installed on thmathe. ' 

Drilling operation (fig 60)^ 



(1) 




Th^ spindle speed in revolutions per minute is determined by the 
jMze of twi,st drill for a particular material and will be'the same 

for a particular drill size wh.ether the drill is revolved or the 
' workpiece i6 revolved. * 
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(2) ' The feed is controlled by turning the lailstock hand screw. . The 
^ graduafioitsjm the tailstock spindle are used to determine the 

\ depth" of cut. 

(3) If large size. twist drills are to be used, tKe^dfTlT'should be ^ 
preceded by a lead drilf, the diameter of which must not be 

, greater than^the thickness of the web of the large drill. 

35. BEAMING WITH THE LATHE. 



a^. General. KeameikS are used to finish drilled holes or bores quickly 
and accurately to a specified diameter. When a hole is to be reamed, it must first 
be drilled or bored to within 0. 004 to 0. 012 inch of the finished size since the 
reamer is not designed to remove much material. 

b. Machine reaming . 

'{I) The hole to be reamed with a machine reamer mu^ be drilled 
or bored to within 0.012 inch of the finished size so that the 
machine reamer will only have to remove the cutter bit marks. 

f (2) The workpiece is mounted in a chuck at the headstock spindle 

and the reamer is supported by the tailstqck in one of the 
methods described for holding a twist drill in^^^ tailstock. 
Figure 61 illustrates the machine reamer supported by a lathe 
dog and tailstock center. 

(3) The lathe speed for machine reaming should be approximately 
one-half that used for drilling. 

c_. Hand reaming . / 

The hole to be reamed by hand mu^t be within 0. 005 inch of the 
require^i finished size, 

(2)^* The workpiece is mounted to the headstock spindle in a chuck 
# and. the headstock spindle is locked after the piece is accurately 
set up. The hand reamer is mounted in an adjustable 1%) and 
reamer wrench and supported with the tailstock center. 'Aa the 

\ ^ French is revolved by hand, the hand reamer Is fed ink) the hole 
simultaneously by tu^il^j^^1:|ae tailstoc^^ndwheel. ^ 

^yy^ (-^J '^^^ reamer should be withd^a\yn from^the hole carefully, ^rning 

- \ it 4n the? same direction as. when reaming. ' Never turn a re 

backward. 

36. TAPPING AND DIE* CUTTING THREADS. 

a. General . Internal and extexnT^l threads are often dut on the lathe hy^ 
means of taps and dies. The advantage of tapping and die cutting -on ^e lathe over 
doing it on the bench is that the tap or die can be centered accurately so that the 
threafHs produced are generally more accurate in regard to the axis of the workpiece. 
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b. Tapping threaitts on the lathe. Threads may be tapped in the lathe by 
either of the two following methods: ' 

(1) With t^e headstock spindle of the lathe locked and the workplace 
held in the chuck, the tap is placed in the wo^kpiece bore and 
the tailstock center run against the countersunk end of the tap. 
The tap is turned by means of a^ fixe'd open end wrench while 
pressure is applied to it with the tailstock handwheel*;^ This 
method is recommended for large t^ps and for material that 
does not machine easily. 

(2) When tapping free -machining material, the tap mayi^be held 
• by kn adjustable tap and reamer wrench, the handle resting 

. against the compound rest of the carriage, and the tailstock 
center bearing against the countersunk end of the tap". The 
lathe is operated at very slow speed while constant pressure is 
maintained against the tap by means of the tailstock hanc^heel. 

c. Die cutting on the l^lthe . When cutting threads with a die, the workpiece 
IS usually held in the headstock and the die set on the workpiege with the die stock . 
resting upon the compound rest of the carriage. The threads are cut in a similar 
manner to tapping by causing the lathe to revolve at a very slow speed while pressure 
is applied by means of the tailstock handwheel. 

*37. MII^UNG OiN THE LATHE. * * ' . 

a. General . Milling operations may be performed on the lathe through • 
use of the milling and grinding lathe attachment which, in effect, converts the lathe 
into a milling machine. The milling and grinding lathe attachment (fig 27) contains 
a mechani.sm^ for vertical adjustment of the 'milling head but utilizes the car-js^ge 
and feeS controls of the lathe to move the milting head in a horizontal , direction. A 
dividing head supplied with the attachment is installed on th^ headstock spihdle of 
the lathe to permit indexing-of the workpiecs.. Altjiough the workpiece is mounted ^ 
III a conventional manner in the lathe, the headstocH ^spind le is never rotated by 
power for milling (unctions. Cutting is done^by Jhe^milling -cutter which is-mounted 
to the milling head of the' milling^ and grinding, lat};ie attachment and driven by the 
self-contained electric motor of the attachment. 

.b. Mounting workpieces for milling on the lathe 1 Workpiece s are supported 
in the lathe Between centers, against a faceplatfe> -or in a chuck fixed to the headstock 
spindle. ^ lathe dog is used to secure the woVk^iece to the driving faceplate if the 
workpiece ^is ^mounted between centers. If long workpieces are chuck mounted, a 
steady rest or'a follower rest is used to support the free end of the workpiece. 

Indexing- v/orkpieces for milUng^on the lathe . 

(1) Indexing is the process of controlling the rotatioaal position of a, 
^ workpiece which is mounte'd axially. Workpieces mounted in the 

• lathe for m'illii;ig with tlie milling and grinding lathe attachment 
are indexed with the dividing head, .a part of the attachment. * 
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I- ' . (2) The ^viding head (fig 62) attaches to the left end of the lathe 
headstock and connects to the lathe headstock spindle with a 
collet. With the dividing head affixed to the headstock and head- 
stock spindle, the spindle will not rotate freely but will move 
when the crank of the dividing head is turned. Porty turns of 
• the crfink will move headstock spindle •through one complete 

• ' * revolution. Index plates containing concentrip rings of evenly 

spaced holes fasten to the index plate bepeath the crank. Each 
concentric rine has a different numb.ef of holes per circle, and 
each index plate has six concentric rings. 

(3) The workpiece'is indexed by moving the crank (fig 62) from 

one hole in the index plate to ano.ther. An index fin"ger (fig 62) 
• ' can be oet to indicate a certain number Isf holes thereby making 

• the counting of individual holes unnecessary. * ^ 

' • d. MiUing operation (fig 63). Plain milling*, 'angular^ milling, face 
miliary, form milling, keyway nailing, spline milling, gear cutting, and drilling and 
boring operations can be successfully performed on the lathe by using the milling and 
grinding lathe attachment. " ^ y , 
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(2) 



(3) 



Figure 63. JvUlling operation on the lathe. 



The basic difference between^ milling on a horizontal milling 
machine -and milling with the milling and grinding lathe attach- 
ment is that with the milling machine the worktable reciprocates 
^ ^beneath 2i milling cutterj while with the attachment the milling 
head 'feeds along the stationary workpiece. 

Milling* C|^ttte^ spe^eis S^nd woi^ktable feeds shoUlci^e consistent 
with thoie speed^s *and feeds recommended for milling machine ' 
operation. ^ • - 

/ ' 

Select a cutting speed consistent with the material being milled. 
If the recommended speed cannot be matched by one of the 
available speeds of the milling and^grinding lathe attachment, 
. select the next lower speed. * 
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(4) If a coolant attachment is available, flood the milling cutter and workpie*ce 
, contact area with an appropriate cutting oil* If a coolant attachment is 
not available, apply a cutting oil generously 'from a hand oiler during 
operation* 

38. SUMMARY. This lesson has discussed the origin, development, and advancement 
of the lathCL, You have learned that^ lathes can be conveniently classified as engine lathes, 
turret latjie^, and special purpose lathes. The purpose and uses of each type lathe were 
, discussed. You now know the common types of cutter bits and their application. You also 
have learned how to mount the various cutter bits* You are aware of the fact that wprkpieces 
are held to the headstock spindle of the lathe with chucks, facepieces, or lathe centers. 
Thejases pi mandrels, rests, and lathe dogs were discu5sed» You have been oriented on 4 
the toolpost grinding machine and the milling and grinding lath^ attachments. The methods ' 
of laying out work for the lathe were presented. T.here >yas a discus.sion. covering .the 
mounting of workpieces between centers, in chucks, to facepieces, and on mandrels. Lathe 
speeds and feeds and. the use of cutting oils were covered'. You now know the meanings of 
facing and the various types of turning and parting. Screw4hreads and scjew thread cutting 
were discussed* Boring with the lathe was defined and the procedures outlined. Informa- 
tion pertaini^ig to eccentric turning and filing and polishing was presented. Special lathe" 
operations such as drilling, reaming, tap^ping, and die cutting, normally perform'ed on 
machine tools other then the lathe, were explained. You have learned that the' lathe is one 
of the most valuable a*nd versatile machines in your shop. The information presented in^ 
this lesson should serve you well as you practice your trade as a machinist* 

EXERCISE . ' ^ ^ * 

116. Which unit of measurement is used to measure the distance between centers on a 
lathe^ % . 

a. Inches 

b. Feet " . . . * ' ' ' ' - 

c. Millimeters 

117. Wbat is the purpose of the back gear on the headstock spindle bf a lathe? ' 

, Decrease speed 

h," Reverse direction of rotation * * - 

' \ c. ' Increase speed 

^ t (118. What materiarl would require & 30° ba#k and side rake clearance angle on the cutter * 
' ) bit for a lathe? 

a. Soft steel ' • » k 

•b-, Laminated plastic ' 
c. Cast plastic 

^119. What is the MOST desirable radius (inches), on the nose of a tool bit used for general 
shaping ind finishing? . • pi ^ 

a. 1/4 ' * 

b. '1/8 . ' • ' ' 
-^c. 1/32 , ^ ' 



1^ 
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.120. 'What determines the width of the flat at the nose of the tool bit when cutting National 




screw threads^? , ' . - :^ 'jJ-' 

a. Pitclv'of thread 
. b. Threap an-gle ^ * ' ' ^ • ' ' - , <^ ' , 

' -> c. Radi«B/pf stock . ' ' > . ^ ^ ''X ' ** 

— 

121. Whixh 'cutter "tit tnust be ground on a ^ry standard grinding ^wheel'^ 

/ ' * > s ' ^ * • 

-^^•.^ tungsten carbide. ^ . 

Carbon ^teel ^ . . . 

c. High speed steel ' • v 

.122. Which chuck is used to hold a work^oiece in an eccentric, position?* 

a. Independent 

b. Offset • ' . * 

c. Step ' - • ^ , * - 
" ' , 

123. Which lathe component is used to provide a firnn connection between the headstock 
spindle and the workpiece nnounted between centers.'^ 

• a. Dog 
h. Center 

c. Faceplate . - ' * ^ » 

124. Which nnaterial is used to nnake scribed lines visible on the s\ir.face of a workpiece?^ 

a. White lead 
. b. Prussian ^lue 
c.. White paint / ' • . 

125. How is the tailstock center distinguished from the headstock center? . 

r ♦ 

a. '•^Tang , 

b. Taper I 

c. Groov-e i • . - , 

126. Which operation i.s correct when grinding lathe^ centers on the ,lathe? 

a. Workpiece and grinding wheel must be rotated in opposite dii-ections at point of 
contact * , . > 

' b. Workpiece turft the^ame speed as the grinding wheel ^ 

c. Grinding wheel turns counterclockwise — workpiece turns clockwise 

127. which lubricant should be used on dead center of a lathe? ' 

* a.^ Vaseline and soda water 
b* Wh|te lead and oil . ^ * 

C. Cr4de petroleum ^ > • . ^ , * • '* 

' ^ ' ; ' 
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128. What percent can the recommended speed be increased if cutting oil is used on a high 
speed s\eel cutter bit? 

J. ^ ' ' * ' 

a. 75 to 100 

b. 50 to 75 

.c. 25 to 50 * ' 

/ 

129. For straight turning on a workpiece, which tool bit is especially efficient for finishing 
cuts'^ 

•a. *' Roi^sKinose 

b. *^''^a^cing 

c. Thrfea'd 

130^ What is the TPF (taper in inches per foot) of a workpiece 3 feet long, 6 inclies m 
diameter at-one end, and 3 inches in diameter at the other ewd? 

* --a. ^ 1/3 , . . . 

b. 2/3 

c. -* ' 1 

131\ What is the most common method used for turning steep tiipers*^ 

a. ^{ Taper attachment 

b. Compound rest 

c. Offset tailstock to right 

132r What type screw thread is especially suitable for vise or jack screws? 

a. *^quare 

b. Acme ^ 

c. American Standard ^ 

j0 

133. How, should the cutter bit be set when cutting a taper thread? 

a. Right angles to axis of workpiece 

b. Same angle of taper as workpiece 

c. Right angles to taper of thread • 

134. What latb*' comppnent can be used for taper boring? 

a. Taper attachment * 

b. Offset tailstock 
c; Follower rest 

135. In reference to reaa^ers, which statement is correct! 

,a. Reamer should *be withdrawn frc^m the hole by turning, it in the opposite direction ^s 
when reaming * ' * * ♦ 

b. ''' .Reamer should be witjidrawn from the hole by turning it in tHe same direction as 
. . whe<5^ reaming * 

c. Lathe speed for machine reamer^ should be approxin}ately twice that for drilUng^ 
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MOTICE , 

The inclosed responses are listed in numerical order.- After making a circle around 
the number of your choice on the ANSWER SHEET, check the same number on the exercise 
response list. If you selected the correct answer, the response wiU indicate it with the 
word "CORRECT" appearing as the first word. Read the response for further information 
and then proceed to the next question. If the response shows you have not selected the cor- 
rect choice, read the information presented to find out why your choice was wrong and 
where you can find the correct answer. The suggested references are designed to cover 
Tiiajor teaching points in each lesson, thus reinforcing the student's learning process. 
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R£MIND|:R^ri Bh sure to PRINT your nam4, grade, social security account number, 'sub- 
course number, and date in the top left corner of your answer sheet before you start 
your first exercise. ^ ^ * ' 



-- RESPONSE 

* " ' • _^ 

*# 

This is true. Heavy pressure on the-side-of the grinding -wheel may _ 
crack it and create a safety "hazard. Refer to paragraph 28a(2) for 
the proper method of detecting 'faulty grinding wheels and select* 
another answer. 

Brine is usually used for quenching plain carbon steels. Refer t^ 
paragraph 58b(3) and select anotheV response^. /' 

, . 41- »* • - 

CORRECT. Sometimes sulfur- is added to basic open-Kearth steel to 
make it free-machining. Recent attempts h^ve also been made to add 
nitr6gen as well. \ ' > ^ 

Part bf^his response is correct. *^ead paragraph 4a again^to get the 
proper 'unit of measure. ' ^ 

CORRECT... The cutter bit is supported vertically in the cutting tool- 
hblder for surface' cuts and is offset at an angle for (Town cutting 
operations . ' * . 

CORRECT. Th'.e lathe headstoc^ spindle is back-geared to provTde 
slow spmdle speeds*". 



Chips are formed and removed from metal while' drilling. One of the 
advantages of spiral fluted drills is that the chips are so formed as 
to occupy the minimum amount of splice. Scan paragraph 7a(2) and 
choose a more appropriate answer. 

'CORRECT. The definition of fatigue can be summarized by saying 
that it is the failure of metals and alloys that have had repeated or 
alternating stresses whtch were too small to produce a permanent 
deformation when applred statically. - - 

CORRECT. The lathe is started at moderate speed and then the ■ 
grinding machine. Make^sure that the lathe and grinding abrasive 
wheel both rotate in the same direction (the ^Jjrkpiece and the wheel 
will be moving in opposite directions at the point of contact). 

The addition of sulfuir-to basic open-hearth steel has no ^ffect on the 
carbon content. . Examine paragraph 30b again^nd choose another 
response. i ' 

4 The '^M^' on the front view represents surface "B*-' of the isometric , 
.drawing.. B'ecome better acquainted with paragraph 6b(ll) and figures 
21a and 22, theri-chopse another answer. 

CORRECT. ^The metai slitting saw milling cutte> is essentially a' 
very thin plain milling cutter. It is gi'otind slightly thinner toward 
the- center to provide side clearance. It is osed for metal sawing and 
for cutting narrow slots. • - . _^ . 



116 This is the relationship existing between two or more mating parts 
with respect to the amount of clearance or interference which is 
present when they are assembled. Get a betfer interpretation- of 
paragraph. 7a(7)(d) and select another response. 

117 You must have made a mistake in arithmetic. Refer to paragraph 
2e{2)(b) and select another response after recomputation. 

118 One turn of the index crank revolves the spindle 1/40 of a revolution 
(1/40 of 360^) or 9°. Therefore, 10 complete turns of the index 
crank would make the index head move further than this. Return to 
paragraph 13d, recompute the problem, and choose another answer. 

119 CORRECT. Slag provides wrought iron with the property of re^sting 
corrosion and oxidation. Wrought iron can be easily welded by any 
method. 

121 The nose radius of a, tool bit used for general shaping and finishing 
^ , should be smaller. Reevaluate paragraph 5e and select another 

answer. 

122 When you reexamine paragraph 3b you will find that medium handsaw 
teetWb^not be sharpened. Choose another answer. 

123 i^3CJv/fi is not the correct angle for the cutter bit when cutting a taper 
thread. You need a more thorough intel-pretation of paragiraph 28^ 

, and-the" note to arrive at the correct ansr^r. 

124 \T^6 strength of a material is the property of resistance to external 
loads or stresses while not causing structural damage; malleability 

is the property of a metal which peritiits permanent deformation by 
compression. without rupture. Study paragraph^ a^ain and select ~ 
another'response. ^ . /-^ " . — ^ -= : 

ST 

127 CORRECT ► Multiply the. number of strokes per rhinute by the length 

of the strofte in inches and then multiply the product by 0. 14'. In this 
,case, 0. 14 times 5 times 70 equals 49_ feet per minute. 



• 



129 .CORRECT. Computation of the soljj^ioh is as follo-ws: . : _ 

^ . b^- = {.155)2-(93)2 • . ^ ' ' 

: ' V-'-' ^ • ' • ' ' ' . . I'::-- - 

b = V 15376 =.124^ * . / 

. - * ^ ' s- '\ ^ 

131 ' The rapn on certain typ^s of millihg machines, provides additional 

rigidity; however, this is not the jnain purpose of the ram* Evaluate 
pai'agraph 3b(4)(b) and *cJhoose another answer. 

133 ^ Special types of steel are manufactured by another .process* Scan 

* paragrapK 28a and select another response. 
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Striding levels are machinists* bench levels especially adaptea xor 
spanning over obstructions. They are equipped -with raised supports 
that provide the necessary room to clear obstructions. However, 
only one plane can be measured at a time. Review paragraph 19a(l) 
and select another response. 

A speed of 75-150 (FPM) would result in an inefficient ope ratio n-v^hen 
cutting soft brass. The softer the material, the faster the speed* 
should be. Reread paragraph 7b^(4) and table III and ffien select 
another answer. 
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A pin punch is used for removing bolts or pins that have been 
tinseated. Check paragraph 9d and select another answer. 

You need a more thorough interpretation of paragraph 15c(l) before 
selecting another zinSwer. 
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CORRECT. The universal milling attachment is similar to the ver^ 
tical spindle attachment but is more versatile. The cutter head can 
be swiveled to any angle in any plane, whereas the vertical spindle 
attachment only rotates in one plajie from horizontal to vertical. 

Remember the method of obtaining the total reading; first, read the 
graduation on the main scale; second, locate the line on the vernier 
sc&le that corresponds with the line on the main scale; third, add the 
I figures from the reading;^ on the main scale and vernier, scales for 
the total reading. Study paragraph 25£(5)(a) and figure 9'3, then- 
choose another answer. 
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The proper back rake angle for cast plastic is 30^ and the side rake 
a^gle is 25°. Scan paragraph 5 and table I to get the correct angles 
for laminated plastic. 
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This is SAE 2310 steel.; The first digit (2) indicates nickel steel, the 
second digit (3) indicates the approximate percentage of alloying ele- 
ment nickel, and the third and fourth digits (10) indicate hundredths 
percent of carbon. Study paragraphs 25£ and d and select another 
response* 



144 

145 
/ 

"147 

'H9 ; ^ 

t 



CORRECT, Becaus^e the contact areas of the square screw threads 
are relatively gmall and do 'not wedge, friction between matching 

threads is reducecfN^o a minimum under heavy pressure . 

n * 

The blade tips of screwdrivers vary from a narrow parallel sided 
tip to a wide taprered tip; however, the sizes are determined by 
another factor. Review paragraph 1 la.and select another response. 

CORRECT., The vario'us interchangeable handles used with sockets 
ar e„ja^-r*tchet r sliding tee bar. speeder, spee.d|tee,. and a nut spinner. 

nch cutter would need k higher^RPM in order to obtain 120 
et per minute. Scan paragraph 17 and table II and choose 
another response. 
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CORRECT. Double-cut files have two rows of parallel'teeth which 
cross each other. The first row is cut at about a 45° angle and is 
coarser and deeper than the second row which is cut from 70° to 80°. 

CORRECT. Computation of the solution is as follows: 

4y + 36 = 62 - 12 

4y + 36 = (6)(2/3) - 12 

4y = -48 ' + '4 

y = -11 

CORRECT. 'As the workpiece becomes thicker, the file should be 
coarser to provide additional space for chips between the teeth. 

CORRECT. The surfaces "F, " "B, " and "A" in the isometric draw- 
ing are represented by the letter '*M" in the front view. 

This is the approximate typical cutting speed for roughing and finish- 
ing copper. Refer to paragraph 10£ and table II before choosing ; 
another answer. 

CORRECT. A trammel is' used for the same purposes as a divider 
or caliper, but usually for distances beyond the range of either of 
these two instrioments . The instrument consists of a rod or beam to 
which trams may be clamped. The beams normally range in length . 
from 9 to 12 inches. 

The circular arc is dimensioned by using ohe-half the length of the 
diameter. See paragraph 7f_and then select another response. 

CORRECT. The energy recoverable "from a clock Spring, fishir\g -rod, 
or similar items when the load is removed is *an example of resilience 

Machined finishes should not be confused with finishes of chromium 
platings enamel, and similar coatings, .Check paragraph 9a and 
choose another response. 

Are you sure that you are using the proper formula or is your -arith- 
metic incorrect? Refer to paragraph 27b(2) and recompute the prob- 
lem, then chd*ose another answer. - . • 

The long wearing, tungsten carbide point of the scriber must be/ 
sharpened by^another m^ethc^d.' Examine paragraph 20b{'X) and choose 
another answer. . ' 

The slitting saw milling arbor is us€d on the milling machine to hold 
metal slitting saw milling cutters used for slotting, slitting, and 
sawing operations*. Another type arbor is used for gear cuttin'g. 
Refresh you'r memory of paragraph 5£ and choose a more appropriate 
answer. . , • 



The size of a bench-type drilling machine is determined by anotheif 
method; -^Evalua^te paragraph ZSe(l) and select another answer. 

This blade would be too wide for cutting. a 5/ 16- to 9/16 radius. Refer 
to paragraph 3e{S) and table II before choosing another answer. 

Lip drills have four definite advantages. One of these is a correct, 
rake to the lips. Examine paragraph 6a and choose another answer. 

Carbon and ^Jther elements are eliminated when manufacturing wrougSt 
iron to leave almost pure iron. Check paragraph 37a again and choose 
another response.- 

The letters "G" and "H'* in the orthographic views represent two dif- 
ferent surfaces of the isometric drawing. Read paragraph 3 and look 
at figures 1, 2, and 3 to obtain the correct choice. 

A cutter bit with a side clearance angle of 5° to 9° , a back rake of 2° 
to 10°, and a side rake angle of 16° to 20° would be suitable for 
roughing copper. Refer to paragraph 4c(3) and table 1 to determine 
the proper bit for roughing brass. 

CORRECT. Usually the face pf the thread cutter bit is ground flat 
and has clearances ground on both sides so that it will cut on both 
sides. For American (National) Standard screw threads, the bit is 
further ground with a flat nose. 

This microtneter is used for taking inside dimensions. The average 
inside micrometer' set has a range that extend^ from 2 to 10 inches. ' 
Review paragraph 23a(2)(£) and choose another answer. 

, • , • X— 

CORRECT. Thfer-exterision bar of the extension bar cutting toolholder 
should project forward from the toctlholder shank only W.far ^ 
required to permit the cutter bit to-complete its cutting stroke, 

■ » * ' #" ' " 

A dimension line with its arrowheads shows the direction and.extent 
of a dimension. Restudy paragraph 7 and figure 23 (orthographic 
views and isometric drawing), then choose another. response. 

The elimination of side thrust on the arbor is accomplished^by another 
means. Read paragraph 4a(4)(a) and choose another response. 

Orthographic p.rints are accurate and indicate true shape and size; " 
These prints ^re usually drawn by orthographic projection. Refer to 
paragraphs 3 and 4'^nd figures Tthru 6 before selecting another 
, Tes^onse. - _ • * . • . - - - ' ' - 

^^ur first step -in solving this problefn.'is-to- find the total square feet 

to be painted. Refer to paragraph 2e^(2)(b) and select another response 
- after recoxiaputation. * . * ' ' 

CORilECT. Forty turns of the index crank will turn the spindle one 
* full turn; U 12 ?<: 40 = 3 . 33 turns of the crank after each cut ior spacing 
the gear for l2 teeth. , . • - \ 



CORRECT. /Blades with fine teeth are fcest for sawing. such , materials 
as thin-walled tubing, conduit, and sheet metal thinner than 18 gage. 

This is the fact, -quality, or state of being variable. Refer to para- 
gr^h 8a and choose anoJther- response. 

* 

Tjae monotron machine cajtinot conveniently be moved. *The basic dif- 
ference between it. and otner testi^ng machines is that the deptif of 
irrtpre^siorf is kept conitant ajid the pressure readings are the basis 
for the degree ofha-raness. Check paragraph 19 again and select 
another answer. ' ^ * 

Another type, tool bit is more efficient for this purpoee.- Turn to 
paragraph 24c for the^'correct answer. * 

This pj*ocess is not similar to milling. Reread paragraph 2a and 
then choose anather answer. 

The circumference rule supplied by Army ordnance is 36' inches long, 
1-1/4 irtches wide, and 1/16 inch thick. A maximum circumference 
of 113 inc^ies can b^cneasured with it. Refer to paragraph 21a(l)(£) 
and select another response. ^ ^ 

CORRECT. The size of a shaper is designated by the maximum 
length af its stroke; thus r a 16-inch shaper will machine workpxeces 
up to 16 inches in length. . 

This fit^has limits of size so prescribed that clearance always \results 
when mating parts are assembled^, Reefer to paragraph 7a(7)(d^ for 
the correct response. 

The bench and pipe vise has integral pipe jaws for holding pipe from 
3/4 inch to 3 inches in diameter. The maximum working main jaw * 
opening is usually 5 inches. Evaluate paragraph I2a(3) and select 
another response. 

The single open-end adjustable wrench is similar in shape to the 
fixed end nonadjustable op^n end wrench, but it has. one adjustable 
jaw and one .stationary jaw. Scan paragraph 3d(3) and figure 10, then 
select another response. 

The diamond point chisel is used for cutting V-grooves and sharp 
corners. Refer to paragraph 8^ and select another response. 

COSiRECT. ^his information i^ obtained by interpreting paragraph 
17 and table II. ^ 

CORR-ECT. To arrive at the proper measurement reading with a 6- 
inch micrometer ,tk^ three readings are totaled. ' 

CORRECTl^^sing the engraving^cale on the ram, the^oolhead is 
set to the/compiement -ol the angl^^to be cut (90^ minus the. angle to 
be cut). 



You are 'attempting to find the square root of. 7. 29. Work the problem 
again using the instructions in paragraph 2d(2) and then geiect another 
response, • » -v 



CORRECT. Surface "C" of the isometric drawing is represented by 
the letters and "Y^' in the orthographic views , 

This much increase would damage the high speed steel cutter bit. 
^efer to paragraph 21b(2) and table U for thfc. recommended percent- 

CORRECT. This firm connection permits the workpiece to be* driven 
at the same speed as the spindle under the strain q£ cutting. " " 



*Some screwdrivers ^have special tips for cross-sWtt^d recessl^d ' ^ 
screws or bolts and clutch-bit screws. Special screwdrivers are ^ 
provided wah a ratchet arrangement^ However, the size of a specific 
screwdriver is determined by another factor. Refer to paragrapli ^ 
10^ and choose another ans-wer. 

CORRECT. Measurements are transferred to the work by scribing a 
line. This gage is also used to indicate th»e accuracy or parallelism 
of surfaces . 

Cor^ave milling gutters are formed tooPh cutters shaped to produce 
concave contours of one -half circle or less! Refer to paragraph 
4£(4)(£)2^ and choose another j-^esponse. 

\ 

The strain test for distortion or deformation by applying an external 
force upon elastic is common; however, it is not as frequently used\ 
;,as* another test. Read paragraph 4b again and select another responW, 

This IS not quite true although the lathe headstock spindle has a 
related purpose. Study paragraph 4e again and select another answer, 

QORRECT. Chalk should be ru^bbed into the file before starting. 

The two olitside isometric axes ^re sketched much closer to the'hori- 
zontal than this. Study paragraph 17 and figure 47 befose choosing 
another response. , ' 

*The hook rule \s convenient for setting calipers and dividers. It is 
equipped with a sliding hook which facilitates measuring from a 
shoulder. Refer to paragraph 25'a(4) and choose^another resp()nse. 

Never turn a reamer backward wh^n withdrawing it from the hole.* 
Become better acquainted^ith paragraph 35e(3), then choose a dif- 
ferent ansNver. ^ * 

Tne manufa.ctivnng process and not^thfe type of.ore governs the prop- ^ 
erties of steel. Choose another response after reading paragraph* 
27c{2). • 

You can learn what type setting is used on most metal cutting bandsa\y 1 
blades by turning to paragraph 3e;. Then choose another response. 
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235 C<^ke is charged with ore to reduce oxe to metai in the blast fujMiace. 
Study paragraph 28b^and select another response. 

236 . When the carbon content of steel is below 0.85 percent, the upper 

and lower critical temperatures differ. Read paragraph 57e again 
^ * and select another response. • ^ • * 

238 * Straight flute end milling cutters are generjallyused for filling soft 

or tough metals; while spiral flute cutters a;:e u^ed mostly £ox cutting 
^ steels. Turn to paragraph 4a(4)(b) to lear^ the type cutter tii^t is ' 
ground slightly thinner toward the center. Select another response.* 

239 CORRECT. 'Finish marks are used to indicate surfaces that must 
' be finished by machining. In manufactrur ing , during the finishing 

f process? tKe required limits and tolerances must be observed. 

241 CORRECT. Ductility 'involves both the elohgatiQn and diameter 
reduction of material. ' , . 

242 ' The depth of the impression is measured when using the Rockwell 

hardness tester. ^Please turn to, paragraph 20 an^ select another 
' response'. ' 

243 - Titanium is one of the 'stronger comme/cially pure metals ,2 but iC^is 
- ^ not the strongest. Read paragraph 4e again and select anofiiey ^ 

response. . ' , • 

^ i 

• 245 CORRECT, An electric* fcutt welder and grinding wheel are built into 

the metal cutting bandsawing machine column. Since the machine can 
' weld and cut. its own blade bands, internal cutting is, possible. . 

247 . CORRECT^ The shaper rotary table <*onsists chiefly oi a circular 

table containing T-slotSi table base, and indexed pin. Workpieces 
* , - are clarsjped to the* circular tabletop usi^g T-bolts. * ' ^ 

248 Although magnesium ranks third in abundance it is not as widely used 
as chromium. Look at paragraph 44b again* and select another' 
response. . * . 

) ' ^ 

250 The primary clearance angle is the angle of the band of each tooth 

measured from a iine tangent to the centerline of the cutter at the', 
cutting edge. Restudy paragraph 4£{2)(a). 

252 CORRECT. A few drops of oil mixed with white lea"d should be 
applied to the center before^the workpiece is set up. then the lathe ' 
should be stopped at intervals and adclitional oil and white lead mix- 
ture applied. * * * 

■ ■ V 

253 ^ COilRECT, Phantom views are used to indicate alternate positions 

of parts of the item drawn, as well as repeated details, or^tha rela- 
tive position of an absent part. 

* y 

265 This is "hot a type chuck commonly used with the lathe. Turned 

^ paragraph 7b(2) to jlearn which chuck is used to hold a workpiece in 

an eccentric positioil. Then select another resjjonse. 



•Perhaps you made a mistake in arithmetic. Check your computation 
and select another response. The reference is paragraph 2d(2). 

This item cannot be used'ior taper boring.' R^ead paragraph 'SDe 
. and then select the correct answer . ^ , ^ 

CORRECT. Computation of the solution is as follows: |. 
• ' N TAN A .88214 ^ ^ . . 

# 

CORRECT.^ The tjry square is used constantly for laying out and 
determining whether edges and ends are tr^je with adjoining edg'es 
aild^ith the face of the work after it has teen sawed, planed, or 

chiseled. / . ' 

• * 

The left -"hand side finishing cutter bit would ;iormalIy move in another 
direction. Look at figure 3 to get the proper direction and then 
choose a more appropriate answer. . ' • « 

CORRECT. Computation of the solution is as fc^llows: 

X = width X iength .X height, or 18,000 = ( 3/)') (60) (H) 

Twp walls 1®; X 30' and two walls !o» x 60' have a total surface area ^ 
of 1,800 sq ft. « , ^ • ' 

T,. ' t. 800 ^ ^ . • ' ' ' 

' "200" ^ 9, cans 01 paint and 10 - 9 = I can of f)aint. 

The bepch mpunted horizontal metal cutting^haper is power.ed by a 
^1/3 horsepower electric motor which is connect^ed to the hull gear by 
V-belts and pulleys.* Another component of the s^aper permits lat-* 
eral and vertical movement of the table. R,es|Mdy paragraph 3b and • • 
then select another answer. ' ' 

' ' . V ■ ■ • 

A flexible blade is best for dawing hollow shapes and metals of light 
cross section, sucR as cha*miel iron,' tubing, t,in. copper, aluminum, 
or babbitt. Take a look at paragraph 5c(6) before choosing another 
answ'er. ' 

* » ' 

Tills blade would be t'od 'coars-e for^ cuttirig thin sheet meW stock. 
Reread paragraph 3d and then select another answer. , ' . 

Cutter bits are made from stanciard sizes of ba/ stock to fit into • 
cutting toolhoHers whiqh, in.turn, a-re fastened to the toolpost of the 
lathe. The racjius of stock has no bearing^ on the width of the flat at 
the nose of thia tool bit. Refer to paragraph 5e{7y*for the correct 
answer. * ^ 

./ i ' i ^ ' ' ^ 

Refresh your memory ior ^reading dim'en&ions -by referring to. .para- 
•graph 7; then taW^ another look at the orthographic views ^nd iso- 
metric drawing and select another response. 
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The iTJOSt difficult operat£on»in taper turning (by offsetting the tail- 
stock) is determining the proper distance that the tailstock should'be 
moved to achieve taper. The offset tailstock is not the most common 
method used for turning steep tapers. Reread-paragraph 27d(l) for 
the correct answ^r^. * ' ^ 

A heavy. film of white oxide-forms on the moken surface of aluminum; 
''however, this is'not a, major characteristic. Refer to paragraph 43i_ 
again and select another response. • > ^ 

Extension lines are used to show where numerical or, other expres- . 
sions are intended to apply. Scan paragraph 7, the orthographic 
views, and tlie isometric drawing, and then select another Response . 

The letter "O" in the»front view represents the bottorft of the jig 
'block. Study paragraph 3 and figures 1,2, and 3 before selecting 
another answer . 

25.4 cm equals 1 inch. Refer to^aragraph 2i{o){h) , work the prob- 
lem again, and select another response. 

The spiral or helix angle refers to the spiral deflection of the teeth 
of the milling cutter. Another angle prevents the teeth of the cutter 
from rubbing againsfthe workpiece. Study paragraph 4a{2){i) and 
select another answer. ' . , 

This pitch would not be best for cutting 1/ 32-in^h^heet metal stock. 
Reread paragraph 3d, then choose anothfep answer. 

Molten metal is.i'emoved when cutting metal with the acetylene torch. 
Acetylene* is a highly combustible^gas composed of carbon and hydro- 
gen. St\^c3y paragraph 7^(2) and ielect another respons^ 

t ) 

CORRECT. When the cutter is over 3/4-inch wide the tejsth are 
usually helical, which gives the tool a shearing action and requires 
less power, reduces chatter, and produces a smoother finish, 

CORRECT, "One of its many use's is as an alloying agent in steel 

and cast iron (0. 25 to 0. 35 percent) and in nonferrous alloys of nickel, 

copper, aluminum, and cobalt. , 

Slag is an impurity extracted fronri^a furnace during the manufacture 
of iron and, is simply dumped in most cases. It is of little value^ 
Examine paragraph 27e(2) and choose another response, * 

The Rockwell test m^easures resistance to penetration similar to the 
Brinell test; however, ^he depth of^-im^ression is measured instead of , 
the diameter. Study paragraph 16 again an4 select another response. 

CORRECT, When male centers are supplied in pairs, the tailstock 
center is usually distinguished from the headStock center by a groove 
close to the tapered point, , 



Your arithmetic must be incorrec't. Refer to paragraph 2£(7), check 
your computation, and select another answer. 
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(^ORRECT. The siirface of low-carbon ste§l is hardened by using 
.the case-hardening process. This hardening is accomplished by 
increasing the carbon content of the surface only. 

Thi^ is incorr^:ci. K^:i<;r to paragraph Za{Z){b), recompute the prob- 
lem, and select another response. ^ 

T]i^ RPM of the driving gear is slower. Turn to paragraph^ 
2e(2)(b)(3), Nvork the problem again, and choase another response. - 

♦ •" , 

Remember that when one angle other than the right angle and a side 
IS known, the length of the other tv^ sides can be found. Refer to* 
paragraph 2h(3)(a), recompute the problem, and'choose another 
answer. , 

> / . * 

«/ 

The isom^etric drawing is the. most commonly used and the most use- 
ful in making freehand sketches. Howeve'r, it is difficult to use 
alone for complicated parts or structures. Refer to paragraph 4b 
ana ^elect Janopher response. ' > ^ " 

The floor mounted engine lathe is equipped with a tension release 
rrTechanism for loosening the drivebelt. This allows quick changes to 
different pulley combinations for speed changes. The headstock 
spindle serves another purpose. Refer to paragraph 4e and choose, 
another answerv 

CORRECT. Milling is tne process of machining flat, curved, or 
irregular surfaces by xeeding the workpiece agaiA^t a rotating cutter 
containing a number oi cutting edges.- It is identical. to circular 
sawing . - . • . ' , 

ORRECT. The reamer should be withdrawn ^om the hole carefully 
tCJrning it in the^same direction as when reaming. Kever turn a ^ 
reamex backwards. , " - * ^ - ^\ I 

CORRECT, When making an isometric sketch you stai:t by sketching 
three isometric axes 120? apart, using two-angl€^6 of 30° and a verti- 
cal axis of 90*^. ^ t 

A nose radius of 1/4 inch is not the most desirable for general shap- 
ing and finishing. Examine paragraph 5e and choose another answer. 

CORRECT. Key seat cUmps'are mad^e of stc^i; are cas e-har'dened, 
and weigh 1 ounce each. They are designed to transform a straight 
steel rule into a rule that can be used to lay out keyways.on a cylin- 
drical surface of a shaft. 

^ • • 

CORRECT. Tungsten is the strongest one of the group of commer- 
-cially pure metals consisting of tungsten, molybdenum, titanium, and 
nickel respectively ^ 

CORRECT. Syjnbols are used to state the geometric characteristics 
that are being toleranced, • 

r- 
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Jhickness (feeler) gages are fixed in leaf form to permit the checking 
and measuring of small openings «uch as contact poim^, narrow slots, 
etc. they are usually made with 2 to 26 blades groupe'd into i tool ^ 
and graduated in thousandths of^n ioch.^ Refer to paragraph 2?b and 
then Veleefa:ndthii*r -respons e . ^ • o ' 

\ 

CORRECT.'* The taper file tapers toward the- point, is a,&uaUy single 
cut. and has edges that are set and cut for filing the gullet Setween 
saw teeth. ^ . - 

This is not an advantage o^ heiical^|th over strai'ght tee^ on a plain 
milling cutter. Read paragraph 4aJ^Kt to get an advantage, then 
select another answer. . / * 

* 

Two-piec^ cc/llet dies are used with' a collet cap and coUet.guide. The 
die halves are placed in the cap slot and are held in place t^y the guide 
which screws into the underside of the cap-. Refer to paragraph 14b(2) 
and then select another response. 

Machined finishes si^ould not be confused with grease, paint, and- 
similar coatings'.- Study paragraph 9a and choose another response. 

CORRECT. The solution is computed as follo\Vs.: ^ -» ^ 

25.4 cm =. 1 inch ^ , 

= 4.7244 ^ . ^ 



25.4 

This is not the primary purpose of the blast furnace: however, 
impurities are eliminated from ore whe^ manufacturing iron by/this 
process. Study paragraph 28a again and select another response. 

Excessive projection of the extension bar will increase the tendency 
for the cutter bit to chatter. Turn to paragraph 15b(i)» then select 
another response. 

, Another component would be used for most drilling and some cutting* 
operations,. You need a more thorough i?xterpretation of paragraph 8* 
before selecting another answer. ' 

Aluminum is the most abundant metal in the earrth's crust, but it is 
not as' versatile and widely used as the alloy chromium.^ ""Study para- 
graph 44b a^ain and select another response. 

This operation is not correct. Plea's/ restudy paragraph 16b{8). then 
select another answer. 

Your computation is not correct. Check paragraph llb(3), get the 
proper formula, ""recompute.the problefn. and then choose another 
response. 

Surface "N" of the front view is the same as surface '"D" in the iso- 
metricidrawing. Choose another response after studying pai'agraph 
4b, figure 9. the |^rtKo graphic views, and the 4isoj^etr ic drawing. 
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This 'is not one of the materials used to make scribed lines visible. 
Evaluate paragraph I5£(l) and thfe note,* thejj. select another answer. 

Another tool is best suited for boring. Find the coprect answer in 
paragraph 26 and choose another response. ^ ' * . 

Scrap is the . material rejected and discarded during the Ipnanufacture 
. • of mexals and useful only as material for reprocessing,. Study 
paragraph 37a'again and select another response, . ' * 

CORRECT. The distance between centers , measured in inches ^ 
indicates the longest length of material that can be pl^c^d in the lathe. 

^CORRECT. Raker set tooth blades have one tooth bent to the?4ight, 
the next tooth' bent to the le.ft, and the third tooth set .straight. This • 
setting results in a tooth cut wider than the thickness of the blade to 
prevent the blad^ from being pinched by the stock. 

Perhaps you made a mistake in your computation. Check your arith- 
metic and select anptl^er response. The reference is, paragraph 
2e(2)(a){4). ' ^ 



^ 252N^nd £ anc 
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This is SAE 5013 steeL Re^tudy paragraph^ '25^nd e^ and select 
anothef response. 

CORRHCT. Before installing a wheel on th^ grinder 'tap it lightly 
with a mall^. A ringing, sound indicates that the whe*el is satisfdc- 
tory; a dull sound indicates that the wheel may be cracked. 

Water <5aQiing is necessar^ when grinding carbon steel bits to prevent 
them from losing hardpess by overheating.* Check paragraph 5£(3) - 
again, then select another answer. ' * 

' Turn back to paragraph 2h(4)(a). work the p5!Jibj^em again,, and choose 
another answer. Your procedure is apparently iWorrect. 

CORRECT. Refer to the isometric drawing for this dimension. 

CORRECT, fh^^best general purpose machirfists' hammer is the 
ball-peen. The,flat end of the head irs called^he face and is used for 
most of the hammering jobs you will have. 

CORRECT. The principle of the softer the material the faster the 
speed applies in this instance. 

The end milling arbo-r has a bore in the endTin which straight shank 
end milling -cutters fit and are locked in place by m6ans of a setscr^w. 
AnotKei^ type arbor is used fo^j^ear cutting operations on a milling 
m|Lchi*ne. Refresh your memt^^ of paragraph Sjg^and-choose a more 
appropriate answer. 

The overall height of the jig blocjs is not this great. Evaluate para- 
graph 7, figure 23, the orthographic views, JtJ>e isometric drawing 
and then choose anotfier response. • , 

4 
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Ig^An auxiliary view is often necessary to clearly show the true shape 
and length of inclined surfaces or other features which are not parallel 
to any of the principal planes of projection. Exaunine paragrap)h 5b 
and figure 12 and choose another answer. 

In paragraph 2b you will find the {>roper method of cooling the work- 
piece during the cutting operation. Select another ;:esponse. 

CORRECT* Gil which r,emoves heat slowly, thereby reducing crack- 
ing, is used to quench low-alloy steels and thin sections of carbon 
steel. 

There^is^'a more important reason ^hy a coarse file should be used on 
thick stock. Reexamine paragraph 4d(2) and choose another answer. 

When you rer^adparagraph 3b you will find that this is not true. 
Make anothen choice. - ^ ^ 

CORRECT. *^Snips will not remove any metal when a cut is made. 
There is danger though , of causing minute metal fractures along the 
edges of the metal during^tl¥e shearing process. 

Taper turning with a tap^r attachment, although generally limited to 
a taper of 3 inches per foot and to^a eet length of 12 to 24 inches . 
affords the most accurate means for turning or boring tappers. How- 
ever, this method is not suitable for turning, steep tapei^s. Reread 
paragraph 27^(1), then select another answer. 

The ^urjjose of normalizing is to refine the grain structure of metals 
and remove stresses to a lesser extent than annealing. Refer to 
paragraph 6 Oa^ again arfd then select another response. 

This has no bearing on the size designations of shapers. Reread 
paragraph 2b and choose another answer. ^ 

CORRECT* This reading certainly has tested your comprehension of 
the method of reading the vernier. First, you read the graduations 
on the main scale; second, y^ou located the line on the vernier scale 
that corresponded with the line oh the main scale; third,, you added 
the figures from the readings on the main scale and vernier scale for 
the total reading. 

This is the approxin^ate 'typical cutfihg speed for roughing and finish- 
ing machine steel. Refer to paragraph 10£ and table H, then choose 
^another answer. 

Strain is distortion or deformation resulting from the application of • 
external forceSupon elastic material. Read paragraph 10 again and 
selecj another response* 

CORRECT, This vise is clamped to dredge of a bench and its hold- 
ing ca:pacity is generally 1-1/2 to 2 ihches. It does not have pipe 
holding jaws » , * 



. Pack <;arburi2ing is acComplishe^^by placing work In a metal con- 
tainer and surrounding th^ work by a mixtute o-f charcoal or barium, 
calcium, or sodium carbonates. The container is then sealed and 
heated for 1 to 16 hours 1*700*^ F to 1,800^ F. -The work is then 
removed, quenched, and tempered. Read paragraph 63a^(5) ag^in and 
select Ano^ther response. 

The draft^sman uses a revolved section to eliminate extra views of 
rolled shapes^, ribs, and similar forms. Study paragraph 5e(5) and 
select another response, » 

Th§ vertical 'spindle attachment converts the horizontal spiijdle of a 
vertical spindle. End milling and face milling operations are more 
easily accomplished with this- attachment , due to the fact that the 
cutter and the surface .being exit are in plain view. Read paragraph 
10 again to get the nomenclature of the attachment that canfbe swiveled 
to any angle or plane, thpn choose another answer.' 

CORRECT. The upper ind low^ critical temperatures are the same 
for steel when the carbon content "reaches 0.'85 percent. 

Six and one-third turns of the crank after each cut would space the 
crank for a larger number of teeth. Examine paragraph 13£(l)(b) 
and choose a more appropriate answer. 0 

Another method is recommended for sharpening the tungsten carbide, 
long wearing, scriber point. Evaluate paragraph 20b(i) and choose 
another response. ^ 

A cutter bit with a side clearance angle of 5*^ to 90*^, a back rake 
angle of 2° to 8*^, and a side rake angle of 14° ^ould be suitable for 
roughing cast iron. Refer to paragraph 4e(3) and table 1 to get the 
proper bit for roughing brass, then select another answer. 

\ 

Another means is used to distinguish the tailstock center from the. 
headstock center. The correct answer can be found in paragraph 
16a(i) and jthe note. Choose another response. 

Box end wrenches have fixed handles and either 6, 8, 12, or 16 points 
inside the head. The number of points determine the strength of the 
head; i.e., 6- and 8-point ones are h'eavy duty, 12 points medium, 
and 16 points light duty. Evaluate paragraph 3£ and figurp 9, then 
choo3e*another answer. 

This is the first step for finding the square root of 15. Read para- 
graph 2d(l), work the problem a^gain, and choose another answer. 

Oil quenching , which removes heat slowly thereby reducing cracking, 
is used to qu6nch low-alloy steels and thin sections of ca^rbon steel* 
Take another look at paragraph 60a^ and then select anotner response. 

CORRECT. Outlines or visible lines should be used for all lines on 
the drawing representing visible lines on the object. 
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393 ^ ' CORRECT. Drill bits having three or four flutes are used for fol- ^ 

lowing smaller drills or for enlarging cor.ed holes and are not suit- - 
able for drilling into solid' stock. 

394 * ' The "P" and "S" denote dimension lines and are located on the side 

orthographic view. A dimension line\vith its arrowheads shows the 
" direction and extent of a dimension. Study paragraph 7, the ortho- 
graphic views, the isometric drawing, and then chof)se another 
response. ^ ^ ^ 



396 'CORRECT. The rapid and simple Bessemer purification process 

was the first to give l^^rge quantities of cheap stpel to the world. It 
inaugurated the '*Age of Steel" in civilization. - 
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397 * The perspective drawing excels all other types of projection in the 

pictorial representation of objects. It is called the geometry of 
photography illustration work. Scan paragraph 4b^ and make another 
selection. 

398 CORRECT. The solution is computed as follbws: 
T.P. F. = ; = — - — = 1' per foot. 

399 This chuck is intended for very accurate^holdin^ of workpie<:es larger^ 
than 1 inch in diameter. Turn to paragraph 7b(2) to get the type used 

J for an eccentric position, then make another selection. 

400 • This speed would be too^slow for cutting soft brass and would result 

in an inefficient operation. Evaluate paragraph 7b^(4) and.tal^Te IX 
before selecting another response, , ^ 

402 Open end wrenches have fix^d handles and are usually double ended, 
although some have single openings . Reread paragraph 3e and figure 
8, then select another answer. 

403 , A square file tapers slightly toward the point on all four sides and is 

double cut. Dq^uble-cut files have two sets*of diagonal rows of teeth. 
On the top of the overcut set a second set is made crossing thfe first. 
The second set is called the upcut and is hot as coarse or as deep as 
the overcut. Refer to paragraph 4e(8) and select another response. 

404 Another unit of measure is used. to measure the distance between 
centers on a lathe. Refer to paragraph 4a for the correct unit, then 
choose another response. 

405 An attachment for the metal cutting bandsawing machine twists the 
handsaw blade 30*^ or 90° so that stock which -normally could not be 

-cut because of insufficient.clearance of the sawing machine column 
can be successfully -cut. Examine paragraph' 2b and choose another 
answer. 

407 CORRECT. Screwdrivers are made in various shapes and lengths to 

perform specific jobs. The size is indicated by the length of the 
^ blade; i.e., a 6-inch screwdriver has a 6-inch blade. 
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408 -The "N" on the front-view represents surface "D" of the isometric 
' - , ' - drawing. - Examine paragraph 6b{ll) and figures 21a and 22 before 

making another selection.s^ 

409 Coke is charged with ore to reduce ore to metal in th^ blast furnace. 
Reread paragraph 28b and select another response. • ^ 

,410 You apparently made an error in *ar ithmetic . Refer to paragraph 13^, 

» recompute the problem, and choose' another* answer . ^ 

411 CORRECT. Straight turning Is accomplished with the left-hand turn- 
» ing cutter bit, the right-hand tur.ning cutter bit, or the roundnose 

turning cutter bit. . ♦ 

412 CORRECT. The* isometric drawing is the most useful in freehand 
drawings. All lines that are parallel on the object are also parallel 
on the drawing. * - 

^414 ' CORRECT. Cutters with faces less than 3/4-inch wide are sometimes 

*made with staggered or alternate right- and left-hand helical teeth. 
The shearing action, alternately right and left, eliminates side thrust 
on the cutter and arbor. 

4ir ' ♦ ^This tt'rm does not apply when dimensioning a circle. Check para- 

graph 7f for the proper term and then eelect another answer. 

4 16 'A removed section is normally used to illustrate pa'rticular parts of 

an object. It is drawn like the revolved section with the except^pn ot 
being placed at one side of the main ^rawing. Refer to paragraph 
5c{5) and choosy anothelt response. ^ '-1 ' 

4i7 Slip joint combination pliers are most commonly used to hold or bend 

wires, small bars, and a variety of miscellaneous items. Review 
paragrap'h 10a^[5) before choosing^another answer. 

4 19 Convex milling cutters are formed tooth cutters shaped to produce 

convex contours of one-half circle or less. Refer to paragraph 
> 4a(4){c)2 ^ai>d choose another response. 

420 CORRECT. The ball usually used in this test is 10 millimeters in 
diameter, h'as an applied load of 500 kilograms for soft materials- 
such as copper and brass, and 3,000 kilograms for materials such as 
iron and steel. The diameter of the resulting impression is mea^ur^d. 

421 . Molybdenum^s one of th^ stronge^ commercially p.ure metals; how- 

ever, it IS not the sti^ongest. Refei> to pa^ragraph 4£ again and select 
\ another response. 

422 Drift punches, sometimes called "starting punches. ' have a long taper 
from the tip to the body. They are used for knocking out rivets after 
the heads have been chiseled off or for freeing pins which are "frozen", 
in their holes . Study paragraph 9d and then select another response . 

^ You probably do not fully understand the proper computation proc^e-^ 

dures. Study paragraph 2a(2){S), work the problem again, and select 
ajiother response. 
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^""^^^ . / This wrench'^rovi^^the dual means for breaking'^tight nuts or bolts 

^pose^as well as rapid r)ajTiovaL^^ paragraph 3d and'select another 
♦ * ' i;esponse. . ^ ^ — 

\ \\ 

. "^^^ ^ • ' This is the^proce;s? whe^eW work is placed in a gastiglit retort, 

^ ^hfeated to, 1^700*^ F.^and natural or manufactured gas is passed through 

• - * - retort Until proper depV^ is obtainedv 'j^Je'xt, the work is heat- J 

\ treated as ii)^ tRe pack process. Study, paragraph 63|<5).and then select' 

.*') 'another choice* " \ • • ' 

♦ ♦ , \ ^ * • ^ • 

Strain is ^defined as distbr'?roii\or. deformation resulting from the 
^ppfifeation of external force u{?on elastic material. 'Read^^s^^agr^^. 
10 agiin ajid sel^|^nother res^onset • • ' s 

vThis fJrocess is tM'^ leas4^ exp'gnsive mfetho.d oi eliminating, or partly 
^limiftafting, the.di^§rent common imp^jrities in,pig iron. However, 
it was not the first- to -yield large .quantities of ste'el'. Please refer to 
par^raph 30b* before ^al$ing anothef sele«ion..^^ * i - ^ 

^The;:eeth of milling cutter s are either right -hand or left -hand ^as 
viewed from the back o'f the iftachine,. But the type of teeth dot-s not ' 
determine^rtwcpitch of a milling cutter. Reexamine paragraph 4a(2)(a) 
and select another answer. » ' ~ 




r 
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432 C (k)RRECT. The square' of the' square' root- of' 225' is 225. 
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225 V 15 and (15)^ = 225. ' ^ , ' 

Single-cut files hav« rows of parallel teeth extending across the face- 
ts of the file at ao angle. Examine paragraph 4b(l) to get the cut for all 
handsaw files , then choose another ansv^er. ^(^ 

^ ^a'he fa'cepiece is a flat, round plate that threads' to the; headstock 
spindle of the lathe.'- Another 'device is used for the firm connection 
referred to. Take another look at paragraph 10a and then choose 
another response. \ ' ^ ^ 

* Surface "T",of tKe side view is represented by surface*'"F" m the 

^ isometric drawing. Rejfer to^paragraph 4b, figure 9, the orthograohic 
^ . * ^ views, the isometric drawing, and then select another r^sponsy^ 

"^^^ * ^ This iitcr^ase in speed is too large and wo.uld cause damage to[the 

steel cutter bit. Turn to parrag^aph 21b(2) and table II for the \e^m-. 
.ijfiended percentage of increase and the correct answer. 

' Collets.fo^ milling machines serve to step up or increase taper sizes 

so that small shank tools can be fitted into large swindle recesses. 
Cgllets are not required-for most drilling operations. Evaluate para- 
. graph 8 again and choose another response. ^ 
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When you refer to paragraph 2b you will find thajt this answer is 
incorrect* Try another response. - 



^^'^ ^wo outside isometric axes are sketched closer to the horizdntal. 

Refer to paragraph 17 and figure 47, thon make the correct choile. 
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The hardness of metals is measujed by other m^ans.' Study^pa'ragraph 

27b and select another response. , 
- . y 

Workpieces can be mourtted directly to the shaper rarbte or held in a 
swived vise, shaper rotary tab\e, or indexing fixturb attached to the 
shaper table. Return to paragraph 3b to learn which component per- 
mits lateral and vertical movenj^cnt of the shaper table^. The'n choose* 
a more appropriate answer. ' ♦ 

You ne^d a more thorough interpretation of paragre^ph 17 and table II 
in order to arrive at the cor r ect^nswer . PJ^e^e select another 
response. 

CORRECT. Tiipgsten carbide scribers are used to lay'^out \\t\ws on 
very hard materials, such as hardened steel and glass. 
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This component is not used* for taper boring. After reading parag-raph 
30e again, choose a different anSwer. 

Workpieces are fastened to the shaper rotary -table by another means,. 
Review pax^agraph 7 and choose another answer. 

COR'RECT. Aluminum does not turn red before melting. It hol^s its 
shape until almost molten, then coilaps€;s suddenly. 

CORRECT. The side finishing -cutter bit may be either right-hand or 
left-hand ind is used for finishing vertical cuts. . 

The jig block is higher than this. Examine paragraph 7, figure 23, 
the orthographic views, the isometric drawing, and then ch.oose 
another response. 

CORRECT. The univ^sal horizontal railiing machine is of the ram 
,type. The milling machine spindle is mounted in a ram at the top of 
the column that can be moved in and out ^o provide c^ossfeed for 
milling operations. 

f 

Your selection is incorrect. Study paragraph 2b again and choose 
another response. ' ^ 

« 

CORRECT. The fly cutter arbor is one of^he most commonly used 
tools for boring. The other most commonly used one^s the offset 
boring head. 

The Rockwell hardness tester cannot ©asily be moved. This matchine 
is very useful for testing exceptionally high surface hardness such as 
case-hardened or nitrided' surfaces . Refer' to paragraph 19 again and 
select another response. » 

When possible!^, dimension each, feature in the -view where it appears 
in profile or where its *true' $hape appears. Review paragrapl^7, fig- 
ure 23. the orthographic views, the isometric drawing, and then 
select another response. ' 

7 
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\ This thread is especially suitable for lathe lead screws and similar, 
power transmitting uses; however, it is not the best type for vise or 
jack^strews. Refer to^paragraph 2Sc{6) for the correct answer. 

COkRECT.. Button dies can be usec^in either hand diestocks- or 
Machine holders^. These round split adjustable dies are available -in ^ 
a variety of sizes to cut American Standard coarse afid fine threads * " 
and tffe standard sizes of threads that are used in England a'hd other 
European countries. 

This has no bearing on€he width of the fiat at the nose of the bit when 
cutting National screw threads. The correct answer can be found in 
paragra,ph 5£(7). Chfcp^e another answer please. , ^ 

CORRECT. Compj^petxion of the solution is as follows: 

Cameter = 4"y ^ ^ 

Circumference = 47T 

( ^ 
• 4 X 3. 1416 5664 or 12. 56 

Read paragraph/^2) to get the proper method for reducing the ten- 
dency of hard particles to adhere to files, then choose a different 

answer. ^ 

« 

CORRECT. However, do not set the'thr-ead cutter bit at right angles 
to^the taper the thread! 

V. 

Three- or four -flutecL drill bits are used for another purpose. Refer 
to paragraph 6a and select another response. 

The use of this ^combination is not recommended. Refer to paragraph 
I6d(3) and choose ^.nother response. 

« 

The secopdary clearance angle defines the land of each tooth and pro- 
^vides additional clearance for passage of cutting oil and chips. * 
Another angle prevents. the teeth of the cutter from rubbing^gainst 
the workpiece. Study paragraph 4a(2)(£) before selecting another 
choice. 

Reexamine paragraph 3; figures 1, 2, and 3; the orthographic views; 
and the iso^metric drawings.. Note that the letters "R" and "H" (iso- 
metric views) represent surfa,ce "A" the isometric drawing. A 
more appropriate response is required. 

'Toughness, the property of absorbing considerable energy before 
fracture, involves both ductility and streyjgtb. Study paragraph 8 
again and select another response. L 

CORRECT. The independent chuck can be used to hold^ square, round, 
octagonal, or irregularly sh^iped workpieces in either a concentric or 
eccentric position due to the independent operation of each jaw. 
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it35 ' The case-hardening process is no£;used on high-carbon steels. High- 

carbon steeds are used for the 'manufacture of drills, tap^, dies, ' , 
.t , springs, machine tools . etc. that are heat-treated after fabrication 
to develop hard structure. 'Please turn to paragraph 63 and select 
' another response. • • * ' • 

• X • •- ♦ - -v. 

) 486 ' .CORRECT. Ductility and strength jointly form the chauracteristic of 



toughness in a metal. 
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CORRECT. , When curves or radii ^re to ^e'cut on the bandsawing ' 
.T^achme, the wic^est blade adaptable to the sharpest radius to be cut 
'Should be used. Narrow blades are much'rhore eisily broken than 
wide blades and should be used^only wheft absolutely neces*^sary. 

Water, which removes heat atpidly sometimes causing cracking, is ^ • 
used only for quenching heav^sections of carbon steel. Study para- 
graph 58b(3) and select anoth'er response. 



4'91 CORRECT. Surface "A/' or the top of the jig block, in the isometric 

drawing is represented by the letters 'H" and "R" in th^ orthographic ^ 
^lews. • ♦ 

492 CORRECT. The basic difference between the^onotron machine and 

' other testing machines is that the depth of impression is kept con- 

^ stant. The readings of pressure are the basis for the degree of hard- • 

nes s . t ^ ' 

/ ^ 493 CORRECT. A clearance fit is one having limits of size so prescribed 

that clearance! always results when mating parts are assembled. In 
V . contrast, axwnterferenc e fit is one having limits of size so prescribed 

that ah ir^^Herence al^frays results when mating parts are asse^jnbled. 

A transition fit is the result of either a clearance <^ an interference 

fit. " » 

• • • • 

496 Examine paragraph 7 and the isometric drawing and select another 

response. Dimension lines, extension lines', and numerals are used 
to indicate sizes when dimensioning. 

497. • CORRECT. The master precision level. is equipped with two addi- 

tional shorter tubes at right angles to the main vial. These serve in 
. setting the true vertical while the level is beiiig^'Jield at the side^of the 
surface. 
i 

498, True position is indicated by another symbol. See paragraph 8e and 
figure 38 before selecting anothe^r.response. 

500 CORRECT. The broken put s ectionai views are usexi wh en v<Ive*de tails 
would be ve^y difficult to show with any other type of drawing. *s 

501 Strain, is distortion or deformation. resulting from an external force 

! ^ acting upon an elastic material. Read paragraph 4a and select another 

' response. 

502 ) The cutter bit should be set at another angle for cutting a taper thread. 
, " You need a betfer interpretation of paragraph 28^ and the note before 

^ making another choice. 
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CORRECT* To make the scribed lines visible the surface may be 
first lightly covered with pigment such as red lead or Prussian blue; 
or it nriay be treated with a light application of copper-sulfate solution. 

Diagonal cutting pliers have short jaws with the cutting edges at a 
slight angle. They are used for cutting soft wire and stock; also, for 
cutting cotter-pins and for spreading the ends after the pin is inserted 
through a hole. Reread paragraph i0afe5) and* select the correct 
response .* 
« 

« t 
The symbol 'for roundness is similar. Examine paragraph 8e and 
figure 37 and then select another answer. 

I . 

The most common kind of milling cutter is knbwn as a plain milling 
cutter. It is merely a cylinder having^teeth cut on its periphery fbr 
producing a flat horizontal surface (or a^flat vertical- surface in the 
case of a vertical spindle machine). Turn to paragraph 4a(4)(b) to 
learn which type cutter is -ground sligMiy thinner toward the center. 
Select another response. ^ ' 

^CORRECT. The soft-faced drift purtclj is rnade of brass or fiber and 
is used for such jobs as removing shafts, bearings, and wrist pins 
from engines. 

This is not a characteristic of aluminum. Read paragraph 43i again 
and select another response. ^ 

CORREC?5< This clearance prevents each tooth from rubbing against 
the workpfece aftec it makes its cut. ^ 

r * ♦ 

CORRECT, The crossrail, located across the'iront of the shaper 
frame, supports the shaper table and permits lateral and verticai 
movement -of the table. 

^ CORRECT. In addition, hot, high speed-3te^i cutter bits -must never 
be dipped into water or the bit will crack , and the cutting edge will 
crumble. 

The firm joint caliper belongs, to a family af outside calipers which 
includes the spring, transfer firm joint, and adjustable firm joint,. 
Scan paragraph 23a(2){c) an^ choose'a different response.* . 

CORRECT. The nomenclatur.e used for shaper cutter bits is the s^me . 
as that for lathe cutter bits, and the elements of the cutter bit, such 
as clearance and rake angles, are in the same relative positions. ^ 
See figure 5. 

Limits are the maximum and minimum values prescribed for a spe--' 
cific dimension. Examine paragraph 8a and select ^another response. 

CORRECT. The tempering process^ is used t© induce toughness after 
steel has been hardened and is too brittle fdr ordinary purposes. 
Quench hardened steel is reheated-to a temperature below the trans- 
formation range then cooled at a rate depending on the toughness 
desired. 
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CORRECT. These are prints that furnish coiYiplete information for 
construction and repair '^w^^ they present an. object in its true propor* 
tions . 
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CORRECT. The surface designated "U" on the side view is repre^ ^ 
sented by "E'Lin the^ isometric drawing. 

As the carbon content of steel approaches l".~7 percent, the upper 
critical temperature rises abnuptly. Read parjagraph 57^ again and * 
then make another choice/c'^"'"'^^ • ^ * , 

>r ' f 

You^can learn, what type settings is us^ed on most metal cutting handsaw 
blades by turning to paragraph 3£ before making another choice. 

The property of material to regain its original dimensions, upon 
removal of the external load, is known as elasticity. Read paragraph 
4 e^ again and select another res{)onse. ^ 

CORRECT. The speefls listed in table II nnay be increased by 25 to 

50 oercent if a cutting oil is used. ^ ^ 
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Adding sulfur to basic open-hearth steel does not affect corrosion 
resistance. Scan paragraph 30b again and then select another answer. 

Wearing goggles is always a must when using the/grinder. Refer to 
paragraph 28aj2) for the proper method of detecting faulty grinding 
wheels and select another answer. ' . . . 

CORRECT. Wh'e^r'e space permit-s, a radius dimension line is drawA 

from the radius center with the arrowhead ending at the arc an4 the 

dimension between theCrrowhead and the center, 
ft 

- . I 

This is not the proper method for classifying shaper size. Restudy 
paragraph 2b^ and then select another answer. ^ 

CORRECT. Ultimate strength is the unit stress, measured in pounds 
per square inch, developed by the maximum applied load that the 
nriaterial can resist without rupturing in a tensile test. 

CORRECT. Computation of the solution is as follow^; 



V7.29 

4^; 

• 3.29 



20 
_2 

40 trial divisor 
_8' 

48 correct division 



But. 8 X 48 = 384, hence 8 is too lirge. 
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The jig block is much longer than this. Refer to paragraph 7 and the 
isometrip drawing, then choose a more appropriate response. 
* • 

The ciiameter of th& impression is measured when performing the « 
Brinell hardness test on materials. Read pa^ragraph 20 and select 
another response. 

The left-hand roughing cutter bit is used for the majority* of roughing 
operatipns on cast iron and steel workpieces. Vertically supported 
y&ughing 'cutter bits are. o^set for another reason. Examine para- 
/ graph '4b{2)(a) again and select another resportse. 

The cold chisel is the most common type and is u\ed to cut rivets, 
. split nuts, chip castings / and' cut thin metal sheets. Study paragraph 
' ' 8e^, then select another answer^' 

CORlC^^CT. The first digit (5) indicates the type of steel (chromium), 
the second digit (1) indicates LOW chromilirrj alJ[oy, and the last two 
digits indicate 0.30 hundredths of 1 percent carbon. 

Remember that this is a 6-mch micrometer. To arrive at the cor- 
rect reading: first, reco;?4 the "highest figure visible on the barrel; 
second, count the num)>« of lines visible between the highest figure 
on the barrel and the thimble edge; third, take a tl^im^le reading that 
coincides with or has passed the revolution or long line in the barrel. 
The' total of these three readings is the measurement reading. Study 
paragraph 26£( 1) and figure*??^ then choose anothfer answer. 

^are must be taken not to excessively project the extension bar or 
the cutter bit will chatter. You can learn the correct amount of pro- 
jection by referring to paragraph 15b(l). Then choose a different^ 



This blade is recommended for general use on solid^stock, aluminum, 
babbitt, tool steel, high speed steel, cast iron, and so on. Study 
paragraph 5c(6) and select another response. 

Te tape rule is a ribbon of flexible steel that is wound into a flat 
^iVietal case by pressing a button or pushing it in by hand.' It cannot 
be used for laying out keyways on the cylindrical surface of a shaft. 
* Examine paragraph 21a(I)(£) before selecting another answer. 

One turn of the index crank revolves the spindle 1/40 of a revolution 
(1/40 of 360°) or 9°. Therefore, 10 complete turns of the index 
crank would move the index head much further than this. Please 
return to paragraph I3d, recompute the problem , ''and choose another 
answer. ' ' 

Your computation is incorrect;^^ The cutting speed is not this fast. 
Turato paragraph llb(3), recompute the problem, and choose another 
answer. J) V 

Are you sure that you are using the proper formula or is your arith- 
metic incorrect? Refer to paragraph 27b(2), recompute the problem, 
la'ke another choice. 
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TJjis factor^has no bearing on size' determination. Refer to paragraph 
28e^(l) and choSse another response. 

This IS not an advantage of helical teeth over strait;ht teeth. Reex- 
amine paragraph *ia^(4){b) and choose another answt»r. 

With this process, the hardness is measured by the height of rebound 
of a diamond-pointed hammer after it has-been drop'^ed on the sample. 
Read paragraph 16 again and select another response. 

The letter's "M" an^'^L" in the orthographic views represent surface 
"B" of the isometric drawing. Study paragraph 3*and figures 1, -2, 

# and 3,and then select another response. 

CORRECT. Metal cutting bandsaw blades range from 6 to 32 teeth 
^er inch. The finer tooth blades are used for sawing thin stock and 

* the coarse blades used for sawing large stock and soft metals. 

The angle of a lath*e wa<y is determined by using jthe combination 
squye equipped with a protractor head. Evaluate paragraph 23h{ i)(a) 
and select another answer. 

The offset boring head is an >attachment that fits the milling machine 
spindle and permits'a single-edge cutting tool, such as a lathe cutter 
bit, to be mounted off center on the milling machine. WoYkpieces 
c^n be mounted in a vise attached to the worktable and can be bored 
with this attachment. Reread paragraph 10 to get the nomenclature 
of the attachment that can be swiveled to any angle or place. Then 
choose another answer. 

/ 

Never ajjtempt to enlarge holes by tipping drilKbits sideways. *rhis 
will cause breakage. Look again at paragrapl^ 6a^ and select another 
answer. 

When you recompute the problem you will find.that side is longer 
. than this. Refer to paragraph 2b(4)(a), work the ^)roblem agam, and 
choose anothy answerH^ 

The square root must be squared. Study paragraph 2d(j), recompute 
the problem, und select another choice. j 

Bastard cut b^nd files are usually used for filing steel and other hard 
metals on t|\e bdndsawing machine. They have between 12 and 24 ^ 
teeth per inch. Examine paragraph 4b( 1) to get the characteristic cut 
for all bandsaw files. Then* make anoTher selection. 

•> 

The sum of the angles of a triangle is 180°. Check paragraph.2£( 7) , 
try solving the problem again, and select another c'lioice.. 

CORRECT. *Steel is basically an alloy of iron and carbon. The per- 
centage of carbon is the most important single factor governing the 
properties and uses of steel. Carbon is added to the steel when it is 
in the molten state. f 
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^CORRECT. The first digit (1) indicates the type ox steel (Carbon 
steel in this case), the second digit (0) indicates the approximate 
percentage of alloying element, the last two or three digits indicate 
average carbon content in hundredths of one percent (0. 20 hvindredths 
. of 1 percent carbon in this case). 

The machinists' bench vise is large with rough jaws that prevent the 
work from slipping. It is usuadly bolt mounted to a bench. 'Study 
paragraph 12a{3) and select-w^iother response. 

A larger ball bearing can be machined from a 4-inch cM6e of steel 
stock. CJieck the procedures in^aragraph 2^(2){a)4, work the proo- 
lem again, ind select another choice. . ' ^ 

Hardness is a combination of a number of physical properties. Elas- 
tically stressed materials return to thiJir original dimension when 
the Ibad is released. Restudy paragrJ^h 9 and then select another 
response. 

Another means is used to fasten workpleces to the shaper rotary 
table. Examine paragraph 7 and"choose another response. 

CORRECT. This dimension is found on the top orthographic v-i^w. 
Each ^imension is shown only once,, except when necessary to clarify 
a section or view. 

C-clamps^re not used for this purpose. Scan paragraph 7 again and 
make another choice. ^ 

A claw hammer has one end of the head forked for pulling out nails 
and is one of the most common carpentry tools. Examine paragraph 
2£(.l) and figures 1, 2, and 3 and then choose anothir answer, 

CORRECT. When the driven gear turns once, the driving gea^ turns 
26/39 of one revolution. Thus, 26/39 x 510 = 340 revolutions. 

Another means is used for distinguishing the tailstock center from 
the headstock center. The correct answer can be found in paragraph 
' I6a( 1) and t^Q note. You should choose another an^wer^^ 

» 

The letter **^f" in the front view is represented by surfaces "E," 
"D, and "C" in the isometric drawing. Refer to paragraph 3 and 
♦ figures 1, 2/ and 3 before selecting another response.' 

CORRECT. The tensile test specimen is mounted in a machine that 
will exert a pull on the piepe sufficient to break the specimen. The 
load at the point of breaking is recgrded by a gage or balancing beam. 

CORRECT. The blast furpace is used for extracting iron from ore. 
The resulting iron may be remelted and cast into many different 4f 
shapes. 

Lathe speed for machine reamers should be approximately one-half 
that used for drilling, - Become better acquainted with paragraph 
35e(3), then choose a different art3wer. 
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The back rake angle for soft steel is 8° - 17° and the side rake angle 
. is 14 - 20 . Scan paragraph 5 and table. Lto geC the correct angles 
for laminated plastic^ Request that you choose another anbwer. 

CORRECT. Most metal cutting handsaw blades are not capable of 
being sharpened, but there are some coarse blades commerciaUy 
available which'are made of Swedish steel and have coarser teeth 
than usual which can be'resharpened like yrcfcd cutting baridsaw blades 

4 

CORRECT/c Interlocking tooth side milling cutters apd staggered \ 
tooth side milling cutters are used for cu^tiag relatively wid*^ slots 
with accuracy. The staggered tooth cutter is the most efficient for 
miHing slots where the depth exceeds the width. 

CORRECT. Taper boring is accomplished in the same manner as 
taper turning. However, only t%yo of the three methods of taper 
turning are applicable— using^he compound rest and using a taper 
attachmwt. ^ ^ ^ J 

Your interpretation is incorrect. Please study paragraph 6a and 
then select another response. ^ 

CORRECT. This is a typical cutting speed. Specified speeds are 
approximate and should be readjusted if excessive tool wear is noted. 

CORRECT. The pitch of a milling cutter refeVs^^H^he angular dis- 
tance between like parts on adjacent teeth, n/^ pitch is determined 
by the number of teeth. 

Laying out precision angles is the primary function of the bevel pro- 
tractor. This tool can be laid flat upon paper or the work. Examine 
paragraph 25a(4) before choosing another answer. 

CORRECX. One turn of the index crank revolves the spindle 1/40 of 
a revolution {i/40 of 360°), or 9°. Therefore, 10 complete turns of 
the index crank will move the index head 90°^ 

CORRECT. The fly cutter arbor is i^sed to support a single-edge 
lathe, shaper, or planer bit for boring ancTgear cutting operations on 
the milling machine. ^ 

A stress is the force within a body which resists deformation when a 
load is applied externally. Refer to paragraph 10 again and select 
another resoonse. * 



This process is not similar to circular sawing. F^ftease turn to para- 
graph 2a and choose another answer. ✓ ' 

COKKYiC^. Some pliers are made for specific jobs such as brake 
sprir% pliers, glass holding and breaking pliers , ignitic^n pliers, 
battery terminal pliers, and brake Key and snapring pliers. 

Did you use the proper conversion table? Read paragraph 2f(5){b), 
compute the problem .gain, and select another response. ~ 
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Your computation is incorrect. Refer to paragraph 13e_, recompute 
the problem, and cl^ose another answer. 

CORRECT. The grooves ^[flutes) may be cue into the steel cylinder 
or th6 flutes may be formed by twisting a flat piece of steel into cylin- 
drical shape. These drills may be referred to as twist drills. 

Face milling, also called end rqilling and side milling, is the 
machining of surfaces perpendicular to the axis of the milling cutter. 
Face milling cutters, end milling cutters, rand side milling cutter^s 
are used for face milling operations. To learn which tool is the best 
suited for boring, refer to paragraph 26 before making'another choice 

CORRECT. Forced air for cooling and chip removal is supplied by 
an air pump in the base of the machine. 

Cutter bits tipped with tungsten carbide cannot be ground with stan- 
dard grinding abrasive wheels, but must ]be q^ound using a special 
grinding wheel such as one that is diamond impregnated. Reevaluate 
paragraph 5g(3) and you will find the correct answer. Select another 
response. , k 

CORRECT. The overall height of the jig block is 1-1/2 units. See 
the front orthographic view. 



CORRECT. Forge case hardening, usually used in the field, is 
accompJPhed by preheating work to 1!650^ F, dipping the work in 
potassium cyanide or Kasenite, and applying flame until the compouna 
-melts. This is repeated until the reqOired depth is attained, then the 
work itf quenched. 

CORRECT. A tolerance is expressed in the same form as its*dimen- 
si that i^v^the tolerance of a decimal dimension written as a com- 
mon fraction is expressed as a common fraction. 

CORRECT. The Shore scleroscope can be transported to the work- 
site so that hardness tests can be performed on specimens too large 
to be conveniently moved. 

The machinists* cross-peen hammer is one of three variations of the 
peening hammer and is used for special hammering jobs. Refer to 
paragraph 2a(l) aftd figures 1, 2, and 3 before selecting another 
response. 

The use of this mixture is not feasible. Read paragraph^ l6d(3).and 
then select another response. 

Study paragraph 3; figures 1, 2. and 3; the orthographic views; and 
the isometric drawing. Note that the letters "J" and "T" (ortho- 
graphic) represent* surfaces '*E" and "F" of the isometric drawing. 
Please chbose a mor^ appropriate response. / 

CORREGT.. Silicon is one of the chief elements of cast iron and is 
not used Ion the charging of a blast furnace. 
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The electric process was not the first to produce large quantities of 
steel. However, it has two technical advantages: the possibilities of 
attaining any temperature \yithin rea^son and of working in a nonoxi- 
dizing atmosphere. Study paragraph 30]^and select another response. 

The case-hardening process is no£ used on low-carbon and alloy 
steel. Read paragraph 63 before making another selection, 

Pillar flics are similar to hand files only thoy are narrower. They 
have ono safe or uncut edge. Study paragraph 4e(8) and select 
another response. *" 

This dimension is incorrect. Refresh your memory for reading 
dimensions by referring to paragraph 7, then take another look at the 
orthographic views and the isometric drawing before selecting- 
another response. 

CORRECT. In contrast, if the cutter bit is to be used for heavy 
roughing where a finished surface. is not expected,' the nose should 
be' ground with a very small radius (approx i/64 inch). 

The perspective' drawing may be a simple outline drawing or it may 
be an actual photographic reproduction with infinite detail and blend- 
ing of light. Study paragraphs 3 and 4 and figures 1 thru 8, then 
choose another response. 

The RPM of the driven gear is faster since it has fewer teeth. Study 
paragraph 2e(2)(b){Z) again, work the problem again, and choose 
another response. } 

The left-hand side finishing cutter bit wbuld normally move in another 
direction. Take a look at figure 3 ta-g^ the proper direction. Try ' 
another answe^r please. 

CORRECT. These extension lines are located on the front and side 
orthographic views. Whenever possible, extension lines should 
neither cross one another nor cross dimension lines. 

CORRECT. The cape chisel is used for special jobs such as cutting 
key-ways'', narrow grooves , and square corners . 

This operation is not correct. Please reread paragraph 16b(8), then 
select another answer. ^ 

There is another reason for using a coarse file on thick stock. The 
correct answer can be learned by referring to paragraph 4d(2). 
Another response is appropriate. 

Right-hand cutting is provided by the right-hand roughing cutter bit. ♦ 
This bit is ground like the left-hand roughing cutter bit, only in 
reverse. Study paragraph 4b(2)(a) to get the correct answer. Then 
try* another choice. 
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^5£^ The American (National) Standard thread form M tfee most commonly 

used thread form in the United States. It has a locking capacity simi^ 
lar to the old Sharp V-thread but will stand greater abuse without 
damage. Another typ§^^iw»«d is especially suitable for vise or jack 
screws. Request tlp^^Tyou choose another answer . 

^57 The stress test/^ force within a body which resists deformation 

when applying 4l load is common, but is not most often used. Read 
paragraph 4b again and select another response. 

The elimination of side thrust on the arbor is accomplished by another 
means. Read paragraph 4a(4r{a) and.choose another response. 

This^is SAE 2320 steel. The first digit (Zf-tndicates nickel steel, 
the digit (3) indicates the approximate percentage of. alloying element 
(nickel), and the digits 0.20 indicate hundredths of percent of carbon. 
Study paragraph 25d and e for the correct response. 

Another type view is used for this purpose. Scan paragraph 5b again , 
• and make anoth'er selection. , > 

CORRECT. Side clearance and end clearance angles of 8^ are also 
required for laminated plastic. 

Remember that this is a 6-inch micrometer. To' arrive at the cor- 
rect reading: ^irst, record the highest figure visible on the barrel; 
second, count the number of lines visible between the highe'st figure 
on the barrel and the thimble edge; third, take a thimble reading on 
the line on the thimhle'that coincides with or has passed the revolu- 
tion oi; long line in the barrel. The total of-these three readings is 
the measurement reading. Study paragraph 26e( 1) and figuf%j^7, 
then choose another answer. • 

The bed of the lathe is measured in feet. Another unit of measure- 
ment is. used for the distance between centers. Scan paragraph 4a 
again to get this unit of measure. Request that you try another^ 
response* 

Six and one-quarter turns of the crank after each cut would space the 
gear for more than 12 teeth. Examine paragraph 13e(l)(b), then 
select another aliswer. * 

The two-piece pipe dies are other variations of adjustable'dies. . The 
two-piece rectangular dies are held in ordinary or ratchet-type die- 
stocks. Collet dies are used with a collet cap and collet guide. 
Examine paragraph I4b(2) before making, another choice. 

Another type tool-bit is more efficient for this purpose. Refer to 
paragraph 24e for the correct at^swer. Try another response please. 

Turpentine is not used for this purpose? Scan paragraph 4e{2) and • 
choose another answer. 

CORRECT. The combination /squar e set takes the place of a whole 
set o/ common tools and is calpable of serving as a height gage, level 
protr^tor, level, steel rule/ depth gage, marking gage, and plumb. 

30 4H3 
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CORRECT. The outer jaw , which is adjustable, is made with a small 
amount of play that provides a tight grip o'n the pipe wh^;n the wrench 
is turned in. the direction of tiic movable jaw. 

Remember that wHen one angle other than the right angle and a bide 
is known, the length' of the other twd sides can be-found. Refer to 
paragraph 2h(3)(a), recompute the problem* and choose another 
answer.^ ' . * , " 

Laying out precision angles is the primary function of th^ bevel pro- 
tractor. The vernier scale is used for accurate angle adjustments 
andXreads to 5 minutes or '1/12^. Study paragraph 23b( l)(a) and then 
select another answer. 

A smaller width handsaw blade would be required to cut a 5/ 16 to 
9/16 radius. Evaluate paragraph 3e{5) arid table II Before selecting 
another answer. - ^ ^ '-^^^ 

This is chromium steel containing a ve^ry high percentage (5) of chro- 
mium alloy and 0. 30 hundredths of 1 percent carbon (SAE 5530). 
Refer to paragraphs^ 25d and £ and then select another response. 

CORRECT. The rate of spindle speed of the milling machine may be 
increased from 1- 1/2 to 6 times by the use of the high speed milling 
^attachment. This attachment i^ essential when using cutters and 
twist drills which must ofe driven at a high rate of speed. 

ilORRECT, Bench-type drilling machines are used for small drilling 
operations and are classified*a*s^to size by the la^rgest drill that the 
drill chuck will hold. 

The term "bri'ttreness " implies sudden failure. It is the property of 
breaking without warning. Brittleness is the oppo^/tle of ductil^ity in 
the sense that it involves rupture with very littlCdeformation. Read 
paragraph 10 again and select another response. 

CORRECT. The sum oi the angles of a triangle equads 130^. 

45° 27' or' * 
43° 43' 04" 

88° 70' 05" = 89° 10' 05" 
180° - 89° 10* 05" = 90° 49* 55" 

The ram on certain types of milling machines serves another purpose. 
Reread paragraph 3b(4)(b) and then select another answer. 

Machinists* levels co^^ in various sizes with, adjustable ground 
glasses and gr^.duated vials with cross levels. They are particularly 
valuable for leveling shafting, pipes, etc: howeyer, only one plane 
can be measured at a time.. Examine paragraph 19a^(l) and choose 
another answer . 
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696 * Rememb.er the method of olitaining the total reading: first, read the 

^ graduations on th^e main scale; second, locate the line on the vernier 

: scale that corresponds with the line on the main scale; third', add the 

figures from the readings on the main scale and vernier scale for the 
total reading. Study paragraph 25£(a) and figure 93, then choose 
another answer. 

i)97 CORRECT. This method is especially suitable for turning or boring 

short> steep tapers, or levels. But it is unsuitable for turning tapers'^ 
greater than 2 to 3 inches in length, because of the limited movemeny 
of the compound rest slide on most lathes. 



699 



698 • Lathe centers are the most Common devices for supporting work- 

pieces in the lathe; however, another device is used for the firm 
connection referred to. Examine paragraph 10a again and select 
another answer. ' , ' 



CORRECT* Notice that both extension and dimension lines are used 
in this case. 
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Requirement -^^O Questions — Weight 100 — All items are weighted equally* 

MULTIPLE .CHOICE 
, (See instructions on answer sheet provided) 

/ * ^ ' ' V ^ 

1. What should be' used as a lubricant when drilling glass? ^ 

a. Soda water ^ ^ 

b. ^Grease 

c. Turpentine / ^ *■ ' ' 

d. Oil ' ^ • 

2. On what component of the Standard-Modern lathe is th'e toolpost mounted? 

a. -Saddle - . . ^ , 

b. . Apron • ' * * 

c. Heads ttfck 

d. Conripound slide ♦ . . - • 

3/ What design generally reduces the tehclency of the cutter bit to chatter? 

a. 0*^ back rake and.small side rake 

b. 0° side. rake and small back rake 

c. 0° back rake and large side rake ' - . * 

d. 0° side rake and large back rake 

** , "* 

. , ' OS 424. E-Pl 
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11 aide A of a right triangle (Ulu«trated below) equals 3 inches and side C equals 5 
inches, what does 5ide b equal (inches)? 

a. V3T \ 
■ 4 

d 



5. What type of milling machine arbor is indicateji by the diagram below ?^ 

a. Fly butter* . • . 

h. Shell end milling cutter ^ * ^ 

^ c. Slitting saw milling cutter 

d. Standard milling machine 



6. What is the purpose of the secondary-clearance angle provided on milling machine 
i utter teeth? 

a. Prevents the cutting teeth from forming overly large chips 

I). Provides additional clearance for passage'of cutting oil and chips 

c. Prevents tfach tooth from robbing against the workpiece after it makes its cut 

d. Provides a path for chips that are cut from the workpiece 

7. ^ What size Phillips head screws should be removed by using a size 3 Phillips screw- 

driver? 

a. 3 ' ^ * . 

b. 8 

c. 11 

d. 18 ' 

8. The purpose of the angular blade guide att;»rhment used on the vertical cutting metal 
^ bands aw is to 

a. permit cutting of stock that is too long to clear the machine column. 

b. permit internal circular cutting. 

c. . hold the handsaw blade for cutting 45^ angles. 

d. >hold the bandsaw* blade for cutting 3t)° angles. 

9. What chuck furnishes the most accurate meahs of holding small workpieces in the 
lathe? 

.» 

a. Independent 

b. Collet . ^ . 

c. Combination . 

d. Universal scroll . 
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10. In what position, in relation to the horisontol c«nft#rUn«, must, th« cutler bit b% to p»< 

form a'fsarting operation? 

a. On center 

b. Z below center 
c^ 3v above center 

d. 5 J above center ' ' * • . 

1 1., What is a statement^of equality between two quantities called? 

a. Example * • ^ ' 

b. Equation ^ 

c. Formula 

d. Rule - * 

12. What component of a milling machine eliminates the need for a,crossfeed dovetail 
between the saddle and knee? 

a. Swivel table 

b. Arbor support 
j c. Ram 

d. Saddle 

"» 

13. Which wrench has an adjustable outer jaw? 

) 

( 

a. Single open enci ' 

b. Chain pipe 

c. Monkey ^ 

d. Pipe ' , * ' - ' 

14. WKat part of a drill bit forms a channel which allows the chips farmed during drilling 
to escape from the hole? 

a. Web-= " ^ ' 

b. Neck 

c. Tang 

d. Flute ^ ' 

15. What type vertical cutting bajidsaw blade should be used for stVaight line sawing? 

a. Thin 

b. Wide ' . ^ . ' J 

c . Medium ♦ " , • 

d. • Narrow 

16. Which, quenching rtiethod is used primarily on high-alloy steel? ^ 

a. Air 

b. Brine ' . • • 
• c. Oil ^ ^ 

d. Water ' ^ . 
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17. * .Which soft-face hammer is^ designed for replaceable faces? 

a. Rawhide 

< 

b. Plastic 

c. Lead ^ * k * 

d. Copper 

18. What is <he undesirable action called when a clogged file scratches the surface being 
filed? ' • • 

« • • • 

a« Scoring 

b. Pinning 

c. Goring 

d. Gouging 

19. How many equally spaced index pin holes are contained in the shaper rotary table'' 

a. iZ . ^ * ^ ' ' ; 

b. ♦ 8 • * . , 

c. 6 • .V. 

d. 4 

* ^.✓'"""^^ . ' 

ZO. What is the mi'ni'mum number of teeth of, tKe handsaw blade that must be in contact 
with the material at all times? } 

a. 5 Z' . * . t 

b. 4 

c. 3 

d. 2 

211. What type drawing is used effectively iin aid in clarifying orthographic drawings' 



a. (ZTehtral projection 

b. Perspective 
,c. Oblique 

o. isomeirac 



The cutting of a surface which is neither parallel nor per|)eridicular to the surface of 



the shaper worktable is called 

a. -spline cutting. 

b. angular planing. 

c. horizontal planing. J? 

d. internal slotting. » ' . 

23. Which type milling machine is characterized by a ^indle mounted to a movable housing 
on the column to permit feeding the milling cutter forward or rearward in a horizontal 
plane? 

• • • 

a. Planer ' 
h. Knee 

c. Ram • 
t d. Bed * • • . 

* ' ' . • 416 
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24. What procesi is uied to relieve streaiei and Increase ductility to a metal that has- 
been forged? ' ^ 

* ♦ * - 

a* Annealing 

bt ' Nitriding ^ ^ 

c. Picking 

d. Carburizing 

25. What dimertsion of a lathe is measured in feet? 

a. Overall length of the bed' 

b. Diameter of the workpiece that can be sv^^g tn it 

c. Distance between centers 

d« Distance the carriage can travel 

26. Which feature designates the size of a shaper? i - 

a. Length of ram 

b. Maximum length of ram stroke , 

c. Width and length of shaper jtable 

d. Distance from the base to the tool slide 

27. In what respect is the operation of the vertical bandsawing machine different from 
most other .power machine tool operations? " . 

a. It is not necessary to convert revolutions per minute into feet per minute^^ 

b. It has sealed bearings , and never needs lubricatioA 

c. It is not as dangerous as other machine tools safety-wise 

d. It has a built-in constant raUo and needs no adjustment 

28. Which steelmaking process is used to produce high grade tool ste^? 

a. Bessemer ^ 

b. Crucible 

c. Electric 

d. Duplex 

29. What is the diameter (millimeters) of the bore of a weapon that fires a 16-inch pro- 
jectile ? 

a. 175 

b. 20/2 * 

c. 340 

d. 406.4 * . ' 

30. Which type milling operation is the process of machining special contours composed 
of curves and straight lines at a^single cut? 

a. Angular ^ ^ ' . 

b. Gang 

c. Face 

d. Form 
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il. What is the aquare root of 443,556? 

a, 612 . • 

b. 662 * 
c • 666 

*^d, 673 • 

3^. i What property of a metal permits it to be permanently deformed by compression 
without being ruptured? ^ 

a« Brittleness 

b. Malleability * 

c. Hardness 

d. Strength 

33. Which line is used to indicate distance measured? 

Vs.. 



a. ^ ' ■ 

b. f 

^' /WC /%A/V A^^/V 



34. What type drawing is called the geometry of photography? 

a. Cabinet 

b. Perspective ^ • , 

c . Oblique • 

d. Isometric 

35. What type milling machine cutter bit it generally used for finishing spiral gears ? 

♦ 

a. Hob 

b. Angle , ' ^ 

c . Convex 

d. Concave 

36. What are the basic elements that are used in the manufacture of steel? ^ 

a. Gray cast iron, silicon, and carbon 

b. Alloy of iron and carbon 

c. Iron and iron silicates * • ' * 
"ciT" Wrought iron and, carbon ^ 

37. What type. die is usually hexagon in shape? 

a. Screw adjusting . 

b. Open adjusting 

c. Two-piece collet 

d. Rethreading 
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38. 



Which th&per roughing cutter bit utUAlly contains no back or tide r&ke? 

^ 



41 



a. ^Roundnoae 

b. 'Angle 

c. Left-hand 

d. Right-»hand 
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39. What does the geometric characteristic symbol { ± ) indicate on a blueprint? 

a^ Flatness and straightness 

b. Perpendicularity 

c* True position symmetry 

d. Angularity ^ 

40. Which term is incorrectly labeled-in the illustration below? 

L 



a. Axis 

b* Root 

c* Pitch diameter 

d. Thread angle 



Pitch 




41. Which metal is used in the construction of welding electrodes? 

a. Titanium 

b. Molybdenum 

c. Zinc 

d. Tin 

42. Which statement is FALSE in reference to copper? 

a. Easily machined due to low ductility 

b. Chile and Africa are the large foreign producers 

c. Commercially pure copper is not suitable for welding 

• d^ Principal commerciai use is in the electrical industry 

43. What type band file should be used when filing machine steel? 
> 

a. Bastard cut, 8 to 12/^*p*i. 

b. Shortsangle ojy'HaWrard cut. 14-25 t.p.i. 

c. Bastard cut» 14-16 t*p*i. 

d* Short angle or bastard cut, 10-12 t.p.i. 
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•44. What type break is depicted in the iUuitration below? 



a^ Round 

b. Rectangular 

c. Pipe 

d. Wood ' 




45. Which Statement regarding the strokes of a ahaper is true? 

a. Return stroke is slower than cutting stroke . 

b. Cutting stroke is smoother than return stroke - 

c. Return stroke is quick'er than cutting stroke 

d. Return stroke is smoother than cutting stroke 

46. What determines the pitch of a milling machine cutter? 

a. Forward facing surface of teeth 

b. Number of teeth ^ 

c. Width of teeth 

d. Length of teeth 

47. Wha^t pitch hacksaw blade is recommended for general use? 

a. l(f 

b. 14 
c- 18 
d. 24 



48. What type metal is indicated by the symbol below? 



a. Babbitt 

•b. Steel 

c. Cast iron 

'd. White metal 




49. What type coolant is especially suitable when machining very hard material' 



a. Soda water and soap 

b. LsltA oiLand white lead 

c. Borax and^trisodium phosphate 

d. Soda ash and trisodium 



50. What term is applied to the statement of equality between two ratios? 



a. Divisor 

b. Consequent, 

c. Antecedent 

d. Proportion 
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